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Forward 


In yencsryats7 1 the Governments of Canada, Alberta and Saskatchewan 
established a cooperative interdiscipl inary study group to investigate 

and report on the cause and effects of low water levels in Lake Athabasca. 
The focus of the investigations was directed towards determining the effects 
of low levels on the Peace-Athabasca Delta located lf the West end of Lake 


Athabasca and on the people of the area. 


The information contained in this volume covers the hydrologic studies 
carried out under the Peace-Athabasca Delta Project. The complete 


report consists of: 


Summary Report, 1972 
Technical Report 
Volume 1, Hydrologic Investigations 


Volume a Ecological Investigations 
Volume 3, Support Studies 


The technical report provides a detailed analysis of the cause and effect 

of the lower water levels and recommendations for remedial action. Volume 1, 
2 dnd 3 contain detailed reports on the hydrologic, ecological and supporting 
investigations. The Summary Report, based on the Tecnnical Report but 
presented in nontechnical language for public distribution, briefly describes 


the various technical and management aspects of the Project. 


The hydrologic investigations were coordinated by J.R. Card who was 
seconded to the Project by Alberta Environment. Technical advice in 


structuring the studies was provided by members of the Technical Advisory 


Committee. These members represented the following organizations: 
Environment Canada (Water Planning and Management Branch) (Inland Waters 
Branch), Canada Department of Public Works, Ministry of Transport, and 
Saskatchewan Department of Environment. Other agencies involved in the 
technical input to the various programmes were Research Council of Alberta, 
University of Alberta (Civil Engineering Department), Canadian Armed 
Forces, and Northern Transportation Company Limited. The Peace-Athabasca 
Delta Project provided logistic and office support for the hydrologic 


investigations. 


This volume of appendices related to hydrologic investigations begins with 
four sections (sections A to D) which describe the hydrologic and hydraulic 
conditions which exist in the Delta. Section E examines the water levels 
in the Delta which would result if no corrective measures are taken, 

and Section F outlines various courses of action which have been considered 
for the control of water levels. The remaining sections cover a variety of 
subjects related to the hydrologic and engineering aspects of the Project 
which ranged from investigations into the use of an ice dam, to navigation, 


to water quality, to geology and to ground water. 


The contribution of all individuals and agencies who participated in 


the preparation of these reports is gratefully acknowledged. 


The Peace-Athabasca Project Group adopted the policy that the 
participating agencies were responsible for the individual reports 
prepared for the project. The views and opinions expressed in the 


appendices are therefore not necessarily those of the Project Group. 
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HISTORY OF WATER LEVELS 
LAKE ATHABASCA 


Water levels on Lake Athabasca have been recorded at Fort Chipewyan for 
varying time periods since 1930, at Goldfields from 1942 to 1956, and at 
Crackingstone Point (Gunnar Mines) since 1956. These records were refer- 
enced to several different elevation datums, making it impossible to use 
the entire record without extensive adjustments. Thus, Water Survey of 
Canada undertook a complete review and co-ordination of the historical 
stage records and elevations to ensure consistency and utility of the data 


for the period of record. 


Two major requirements were that (1) daily water levels at all three lake 
stations be checked for consistency of record, and (2) missing records 

at one station be estimated from lake levels at the other stations. Short 
periods of missing records were estimated manually. Complete documentation 
of the review procedures and the compilation of the final results are con- 
tained in ''Lake Athabasca Water Levels 1930 - 1970'' by R. M. Bennett pub- 
lished by Water Survey of Canada, Environment Canada (formerly Dept. of 
Energy, Mines and Resources) at Calgary in 1970. The publication also 
contains descriptive statistics of the data which are not duplicated in 


this section. 


In Appendix A-1 of this section the levels of Lake Athabasca are tabulated 
for the period 1930 to 1972. 


Lake Claire and Mamawi Lake 


Created out of the former west end of Lake Athabasca by the merging of the 

Peace Delta and the Athabasca Delta, these two lakes are now the dominating 
physical features of the detailed study area. Both lakes are shallow basins 
of sedimentary materials. Lake Claire is seldom more than 10 feet deep even 


at high water levels, and in March, 1971 was found to be only 5 feet deep 
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was also found to be completely frozen in March 1971, with a maximum ice 
depth of only 1.5 feet. The elevation-volume and the elevation-area rela- 
tionships of these lakes are given in Figure 1. The shorelines of these 
lakes are not sharply delineated physical features of the landscape and 
are more readily delineated by vegetation characteristics. Using vege- 
tation as the criterion, the shoreline of Lake Claire is estimated to be 
at elevation 689 feet, and that of Mamawi Lake at 688 feet. Extrapolation 
of the volume of area curves above these elevations is not advisable due 


to a lack of topographic data. 


Lakes Claire and Mamawi have a watershed of approximately 8,100 square 
miles which provide direct runoff. The Birch River with headwaters in the 
Birch Mountains southwest of Lake Claire is the largest of the tributaries, 
draining some 4,900 square miles. The Mclvor River is the only other tri- 
butary of significance. It also originates in the Birch Mountains and 
drains an area of 600 square miles. The remainder of the lakes' water- 


shed is comprised of poorly drained lowland. 


Only the flow of the Birch River has been consistently recorded since 1968. 
Miscellaneous measurements were made on the Mclvor River in 1971 but these 
are not sufficient to determine the total flow pattern of that river. The 
mean monthly flows of the Birch River are shown graphically in. Figure. 2. 

There is a large variability from month to month and even from year to year. 
In the five-year period of record a minimum annual discharge of 330,000 

acre-feet in 1970 may be compared to the maximum in 1968 of 1,160,000 acre- 


feet. 


Water may also be added to these lakes from Lake Athabasca and the Quatre 
Fourches. When the water level in Mamawi is lower than that in Quatre 
Fourches, water flows westward into Mamawi. In a similar manner a wes tward 
flow of water into Lake Claire will occur if the level of Mamawi Lake is 
higher. The measured flow into Mamawi Lake from Quatre Fourches ranged 


from zero to 10,700 cubic feet per second. This maximum measured inf low 
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was likely exceeded in the spring of 1971 during ice breakup when meter- 


ing was impossible. 


Floods which top the channel banks of the Peace River and the Embarras Ri- 
ver provide water to both Claire and Mamawi Lakes. A flood on the Peace 
River which raises the river levels sufficiently high to overtop the south 
bank at Sweetgrass Landing will cause a southward flow of water in the 
Claire River and an overland sheet flow. Similarly, when the Embarras 
River tops its banks there will be overland flow westward toward Lake 
Claire and also some flow created in Gull River. Mamawi Creek, flowing 
northward into Mamawi Lake, wil] also receive water from the flooding Em- 


barras River and this will augment the waters of that lake. 


Before water from the Peace River will overflow its south bank at Sweetgrass 
Landing the river must reach an elevation of 715 feet, which is equivalent 
to a discharge of approximately 500,000 cubic feet per second. An ice jam 
could raise river levels to 715 feet even though the discharge might be 

less than 500,000 cubic feet per second. Similarly, the Embarras River 

must attain an elevation of 708 feet to overtop its banks, and this would 
require a flow of 28,000 cubic feet per second or the occurrence of an ice 


jam. 


Outflow from Lakes Claire and Mamawi is by way of the channel joining Mamawi 
Lake with Quatre Fourches. The rate of flow in this channel is determined 
by the difference in water levels between Mamawi Lake and Quatre Fourches. 
Another very smal] channel called Grochier Creek will carry water out of 
Mamawi Lake when the lake levels are higher than 689 feet. Lake Claire is 
joined to Mamawi Lake by the Prairie River and outflow from Lake Claire 
occurs when its level is higher than that of Mamawi. Conversely, as men- 
tioned above, a higher level of Mamawi creates an inflow to Lake Claire 


which can be considered an outflow from Mamawi Lake. 


Observations of outflow in Prairie River and at the outlet of Mamawi Lake 


produced values from zero flow up to 2900 cubic feet per second in Prairie 
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River and as much as 6,000 cubic feet per second out of Mamawi Lake. 

The flow of water into Lake Claire via the Prairie River was occasionally 
measured in 1971 and 1972 and ranged from zero flow to a maximum measured 
westward flow of 3,400 cubic feet per second. Based upon very tentative 
measurements and observations it appears that Lake Claire would not be 
capable of draining lower than elevation 685 and Mamawi lower than eleva- 
tion 684. The winters of 1971 and 1972 saw both lakes recede to these 
elevations and then freeze with no further outflow. However, since the 
outflow channels are located in silt materials they may not be stable enough 
to maintain the foregoing condition if unnaturally low water levels are 


experienced near Quatre Fourches for several years. 


Levels of both lakes have been observed for the years 1960 and 1968-72 and 
are illustrated in Figures 3 and 4. Mamawi Lake levels are similar to those 
of Lake Athabasca. Lake Claire levels do not reflect the same fluctuations 
as Athabasca but do show a dependence on Lake Athabasca due to its influence 


on the outflow from Lake Claire. 


Baril Lake 


Baril Lake is a very shallow basin within the inactive Peace Delta at the 
northeast side of Lake Claire. It has an area of 27 square miles but is 
only 4 or 5 feet deep even at high water levels. The established shoreline 
as delineated by the present vegetation is at elevation 688.5. Below this 
level there is virtually no hydraulic connection between Baril and the ad- 
joining Lakes Claire and Mamawi. However, when water levels in Baril Lake 
exceed this elevation as they did in the spring of 1972, then the water 
spreads out over the shoreline and joins with the waters of Claire and Ma- 


mawi. 


Inflow to Baril Lake can be from the Peace River by way of the Baril River 
during high stages on the Peace and by way of overland flooding from Lake 


Claire or Mamawi Lake. Flow in the Baril River is restricted somewhat at 
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the Peace River end by a winter road crossing. 


Water leaves Baril Lake via the Baril River when the Peace River is lower 
than the lake. This flow relationship is illustrated in Figure 5. Since 
this relationship was derived from preliminary survey information it must 
be considered as tentative, but it does present some indication of the 


Flow possibilities. 


The levels of Baril Lake as observed during 1971 are recorded in Figure 6. 
Higher 1972 levels resulted from ice jams on the Peace River in the spring 


and then high Peace River flows in June and July. 
Richardson Lake 


Richardson Lake, located in the extreme south of the Athabasca River Delta, 
was earlier recognized as a key spawning area for commercial walleye. The 
fact that the lake's role as a spawning ground was thought to be jeopardi- 
zed by low water levels gave added impetus to the study of its hydrologic 


characteristics. 


This lake is also very shallow, being in the order of 4 feet deep. It 
has a surface area of 28 square miles. The outlet of the lake, known lo- 
cally as Jackfish Creek, controls the level of the lake when the lake is 
low. This outlet channel is highly unstable because it is formed of fine 
sands and silts. It is an area of erosion during low water levels in the 
Athabasca River and an area of deposition of sediment when the river is 
high and Jackfish Creek is flowing into Richardson Lake. The creek has 
created its own small deltaic formation at the lake, which results in sev- 


eral shallow bars in that location. 


Coincident with this small delta is the mouth of the Maybelle River which 
flows into the lake from the south. This river drains an area of 630 


square miles and is the only significant tributary. Most observations 


A6 


indicate that the Maybelle River waters do not mix with the waters of 
Richardson Lake but leave almost directly via Jackfish Creek if the 

flow of the creek is away from the lake. However, an inflow condition 

in the creek results in the Maybelle River waters being held in the lake. 
During periods of flood flows or ice jams on the Athabasca River, water 
from the river may spill over the banks and enter Richardson Lake from 


the north and west sides. This occurred in both 1971 and 1972. 


Observed lake levels have been recorded and are illustrated in Figure /7. 
Indications are that the lake levels are more dependent upon Athabasca 
River flow than upon the levels of Lake Athabasca. The river surface 
profiles illustrated in Figure 8 show that Richardson Lake does experience 
some of the backwater effect from Lake Athabasca, but the range of obser- 


vations was too limited to assess the extent of this effect. 


A critical factor in determining Richardson Lake levels is the flow in 
Jackfish Creek. The range of measured flows is illustrated in Table |. 
One of the factors controlling flow in the creek is the elevation of the 
sand bars at the outlet of the lake. On the basis of surveys in the 
winter of 1971, the outlet control is estimated to be at elevation 686. 
However, aS mentioned previously the elevation is subject to change de- 


pending upon the amount of sedimentation or erosion taking place. 


Since walleye start their spawning migration into Richardson Lake just 
before spring breakup, it is important that water under the ice at the 
lake outlet be deep enough to allow them access to the main body of the 
lake. Further observations are required to determine the optimum lake 


level to ensure that the fish can move into the lake. 


Other Lakes 


It is the smaller lakes and basins of the Delta which are the most signi- 


ficant as far as the wildlife populations are concerned. Observations 
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have been made in many of the hundreds of small basins with a view to 
determining their hydrologic characteristics and the relationships of 


their water levels to the larger adjacent lakes. 


Three types of small basins have been identified with respect to the way 
in which their water levels fluctuate. The first of these are basins 
whose water levels rise and recede in close coordination with a nearby 
large lake or river channel. These basins have an unrestricted hydraulic 
connection with the nearby lake or river which permits the unhindered in- 
Flow and outflow of water in accordance with the relative difference be- 


tween levels in the two bodies of water. 


The second type of basin has a restricted hydraulic connection with a 
nearby lake or river channel so that the water level in the basin responds 
to the fluctuations in the nearby source on a slower scale, or under cer- 
tain conditions, not at all. When both the basin and the source waters 
are at a high level the fluctuations of water levels may be ver closely 
related. However, when both basin and source recede and are at very low 
levels in relation to the topography of the connecting channel then the 
basin level may be virtually independent on the fluctuations within the 


nearby lake or river channel. 


The third type is a true perched basin or lake which has no obvious inlet 
or outlet channel and which must be filled by overland flooding from some 
source such as an adjacent lake or river. Water levels in the perched 
basin fluctuate independently of the source except when filled by flood 
waters. These basins are extremely sensitive to precipitation and evapo- 
transpiration when they are not filled by flooding. The water levels in 


such basins recede almost entirely due to evapotranspiration. 


Staff-type water gauges were established in 24 basins throughout the Peace- 
Athabasca Delta in May 1971, and weekly readings of these gauges were made 


until October (Figure 9). The purpose of the gauges was to determine the 
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rate and magnitude of water losses from isolated basins and to observe 


the extent of the effects of flooding of the major rivers. 


The graphs of Figure 10 reveal the water level characteristics of three 
types of basins with respect to the 1971 Delta water levels: 1. complete- 
ly isolated basins (no. 18, 241, 391, 400, 271, 274, 278, 226, 244, 394, 
360, 306, 46) 2. restricted-drainage basins (no. 7, 199, 351, 188, 159, 
116, 123, 55, 45) 3. open-drainage basins (no. 160). One basin, no. 307, 


cannot be described in these terms. 


lt had been thought that the melting of an impervious frost layer below 
some of the basins might result in a sudden water level decline during 
mid-summer. There was no evidence of such an occurrence in the 24 basins 


observed, unless it was masked by the inflow and outflow of flood waters. 


Table 2 provides a summary of water level changes in the 24 basins inves- 
tigated. The ''balance'' column of the table indicates that the net loss 
or gain in restricted basins depends on the relationship of the inlet/out- 


let to the existing water level and on the height and duration of flooding. 


The average rate of loss of water for the 13 isolated basins in the sample 
was 0.07 feet per week, including the effect of precipitation and local 
runoff. This loss rate is applicable to the Delta for the period May 26, 
to October 24, 1971, indicating that the average total water level decline 
from isolated basins was 1.52 feet. Local spring runoff adding 1.52 feet 
of water to the basins would be required to maintain a regime similar to 
1971, under which, however, several basins were dry by midsummer. Without 
such replenishment, a 3-foot deep pond theoretically could be dry within 


two years. 


TABLE 1 

Date 
June 3, 1971 
June 16, 1971 
July 8, 1971 
July 20, 1971 
August 5, 1971 
August 19, 1971 
September 1, 1971 
June 2, 1972 
June 22, 1972 
July 5, 1972 
July 18, 1972 


August 24, 1972 


Flows in Jackfish Creek 


Discharge Direction of Flow 
352 cfs out of the lake 
7,320 cfs into the lake 
2,450 cfs into the lake 
13,400 cfs out of the lake 
4,050 cfs out of the lake 
1,240 cfs out of the lake 
nil no flow 
2,510 cfs out of the lake 
5,020 cfs out of the lake 
3,850 cfs out of the lake 
2,250 cfs out of the lake 
1,680 cfs out of the lake 
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TABLE 2 


Water Level Changes on 24 Basins in the Peace- 
Athabasca Delta, May 26 to October 24, 1971. 
(all values in feet) 


Total Loss 
Including Loss 
Basin Total Total Period Precipi- Per 
Type Number Losses Gains (Weeks) tation Week 
Isolated 18 1.08 0.14 21.7 1F22 0.06 
241 0.71 0.19 18.9 0.90 0.05 
391 2.26 0.98 21.7 3.24 0.15 
400° 1.13 0.00 11 13 0.10 
271 0.47 0.00 oil 0.47 0.07 
274 1.16 0.06 20.3 1.22 0.06 
278 1.02 0.05 2157 1.07 0.05 
226 0.21 0.00 3.4 0.21 0.06 
244 0.53 0.00 9.1 0.53 0.06 
394 0.67 0.00 10.3 0.67 0.07 
360 153 0.16 Pa 7/ 1.69 0.08 
306 0.93 0.17 19.4 1.10 0.06 
46 0.73- 0.14 9.1 0.87 0.10 
Balance 
Restricted 7 2.03 1.70 —0.33 
199 1.38 2.60 1122 
351 1.04 0.80 —0.24 
188 0.99 0.85 —0.14 
159 —_— — — 
116 Pb e 2.41 —0.14 
55 2.45 2.30 —0.15 
45 1.15 1:27 +0.12 
123 — —_ _— 
Open 160 co — — 
Unclassi- 
fied 1.25 1.16 —0.09 
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LAKE ATHABASCA AT FORT CHIPEWYAN - STATION NO. 07MDO001 
DAILY WATER LEVEL IN FEET FOR 1971 


DAY JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC DAY 
1 a eS === 676.99 684.58 684.13 685.00 686.74 685.70 683.45 682.63 Se 1 
2 aS o— == 677.14 684.48A 684.22 685.16 686.63 686.41 683.50 682.45 aS 2 
3 aS ee = 676.82 684.03A 684.34 685.38 686.50 685.49 683.47 682.38 == 3 
4 679.67A = == 676.92 683.93A 684,19 685.23 686.47 684.92 683.39 682.52 ate 4 
5 679.67 <= = 676.79 683.88A 684.76 685.48 686.80 685.12 683.41 682.39 ee 5 
6 679.63 ae, esd 677.00 683.92A 684.42 685.56 686.39 684.64 683.36 682.39 => 6 
7 679.44 aa as 676.87 683.96A 684.20 685.58 686.56 684.49 682.61 682.49 682.11A 7 
8 679.30 = aS 676.61 681.16A 684.47 685.39 686.15 684.42 683.33 682.40 —— 8 
9 679.10 a == 676.92 684.23A 684.33 685.48 686.23 684.54 682.87 682.50 a 9 
10 678.82 . ra =e 676.83 684.25A 684.11 685.68 686.28 684.72 683.13 682.57 a 10 
11 678.61 eS =<— 676.75 684.17A 684.16 685.55 686.21 684 .49A 683.47 682.40 es 11 
12 678.64 > = 676.73 684.66A 684.85 6385)..35 686.24 683.80A 682.63 682.51 a 12 
13 678.56 === iia 676.72 685.05A 684.08 685.40 685.52 683.44A 683.73 682.50 682.10A 13 
14 a= — — ea a 67 Gri2 684.89A 684.64 685.58 686.25 684.07 683.55 682.48 al 14 
15 mie 675.41A ==> 676.66 684.73A 684.94 686.23 686.61 684.76 683.29 682.35 681.80A 15 

16 oS 675.27A 676.39A 676.64 684.02A 684.74 686.10 686.24 684.46 682.89 682.55 681.94 16 
17 === ose 676.31 676.77 683.49A 684.42 686.02 685.99 684.53 682.88 682.46 681.79 17 
18 === 675.61A 676.22 677.08 684.43A 684.64 686.20 685.98 684.07 682.78 682.57 68m. 77. 18 
19 === 675.63A 676.31 677.26 684.41 684.54 686.25 686.07 684.11 682.87 682.58 681.76 19 

20 is = 676.29 677.58 684.45 684.39 686.48 686.17 684.34 682.78 682.54 681.63 20 

21 = === 676.34 678.15 684.58 684.53 686.67 686.02 683.96 682.65 682559 681.61 21 

22 SS == 676.35 678.72 684.42 684.85 686.86 685.63 684.31 682.70 682.59 681.58 22 

23 == pS 676.50 679.34 6384.30 685.32 687.23 685.35 684.58 682.67 682.59 681.58 23 

24 === <== 676.51 680.23 684.67 685.30 686.70 685.39 685.15 682.69 682.60 681.55 24 

25 SSS ——— 676.50 680.83 684.37 685.42 686.64 685.41 685.45 681.55 682.56 681.42 z25 

26 === <== 676.68 681.50 684.33 687.14 686.92 685.24 684.30 682.45 682.57 681.37 26 

27 pas === 676.80 682.63 684.40 685.48 686.81 685.47 683.73 682.70 682.59 681.42 27 

28 ==> = 676.64 684.04 684.28 684.74 686.81 685.47 682.98 682.52 682.60 681.38 28 

29 ein 676.85 684.82 684.61 685.02 686.55 GS5e 32 683.36 682.01 682.60A 681.46 29 

30 CS 676.88 684.82 684.57 684.99 686.57 685.29 683.39 682.42 === 681.39 30 

31 => 676.80 684.20 686.70 685.39 682.48 681.34 an 

SUMMARY FOR THE YEAR 1971 A-MANUAL GAUGE 

MAXIMUM DAILY WATER LEVEL, 687.23 FT ON JUL 23 TYPE OF GAUGE - RECORDING 


LOCATION - LAT 58 42 40 N 
LONG 111 08 50 W 
REVISED DATA TO 1970 
AVAILABLE FROM DISTRICT 
WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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LAKE ATHABASCA NEAR CRACKINGSTONE POINT - STATION NO. 07NC00} 
DAILY WATER LEVEL IN FEET FOR 1970 


DAY JAN FEB MAR APR MAY JUN JUL AUG SEP oct 
1 pad soe mee Sets --- --- 684.18 684.55 683.72 682.79 
2 ae 22 ae = --- --- 684.21 684.51 683.58 682.72 
3 as aS aoe = --- --- 684.26 684.50 683.49 682.65 
a ee aE ae <== --- 684.07 684.32 684.47 683.57 682.65 
5 --- 681.66 --- --- --- 684.10 684.42 684.40 683.65 682.63 
é ae ae eas see --- 6849.06 684.48 684.43 683.63 682.67 
7 ne ats wes — --- 684.02 684.54 684.37 683.65 682.64 
A at — = === --- 683.97 684.63 684.47 683.59 682.60 
$ Sas 22% soe === --- 689.03 684.61 684.52 683.51 682.61 

10 ed mit ss —_ --- 684.02 684.72 684.53 683.39 682.55 
1 ek maf was = --- 684.06 684.68 684.49 683.31 682.50 
2 ange ca == a --- 684.15 689.79 684.39 683.35 682.44 
3 pans As a — --- 684.13 688.81 684.32 683.35 682.44 
i aoe ee Oke ae. — 684.20 684.82 684.28 683.36 682.42 
5 ae ee = a= —— --- 684.25 684.83 684.26 683.25 682.38 
6 gle aoe ee = --- 684.22 684.75 684.28 683.21 682.41 
? ee ae) = oe eee --- 684.20 684.82 684.30 683.13 --- 
8 Se oped = aee --- 684.28 684.82 684.18 683.09 --- 
9 Aa aoe a25 aoe --- 684.28 684.87 684.11 683.11 =<= 
} Ra =e aie a --- 688.29 684.90 684.08 683.09 --- 
1 pa aoe sas aes --- 684.28 684.87 684.09 683.06 --- 
2 aes cea a5% — --- 684.21 684.90 685.05 683.01 --- 
3 =e) ee aes See --- 684.16 684.85 683.98 682.94 --- 
a ae Sree ees —— = 684.18 684.77 683.99 682.88 --- 
5 ae 2ut 682.18 === --- 684.28 684.77 683.91 682.94 — 
6 pees ae Pea oe ~-- 684.30 685.74 683.86 682.86 --- 
7 =e A BA a --- 689.29 684.72 683.94 682.83 --- 
8 Zs eos sae === --- 684,21 684.69 683.92 682.83 --- 
9 eee Bo == --- 684.11 684.67 683.86 682.80 --- 
0 ene nee --- --- 684.16 684.68 683.84 682.85 --- 
1 nae = --- 684.74 683.84 --- 


Vuenwun | dada dndadi~ det ee fe 


TYPE OP GAUGE - RECORDING 
LOCATION - LAT 9 52 eS N 
LONG 108 52 52 WwW 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 


LAKE ATHABASCA NEAR CRACKINGSTONE POINT - STATION NO. 07MC003 
DAILY WATER LEVEL IN FEET FOR 1971 


NN RNANN Nwooe 


DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OcT 
1 + ecla 681.96 682.22 682.52 683.17 683.77 684.90 686.52 685.20 683.8 
2 a 681.95 682.21 682.54 aaa 683.81 684.94 686.52 685.02 683.7 
3 a 681.98 i= 682.58 = Se 683.70 684.98 686.53 685.05 683.7 
Q —<ee 682.00 === 682.57 683.57 683.71 685.07 686.51 685.11 683.6 
5 <== 682.03 a 682.60 i es 683.67 685.13 686.39 685.05 683.6 
6 681.78 682.02 so= 682.58 683.76 683.67 685.1 686.45 685.06 683.6 
7 681.81 682.00 == 682.60 = 683.56 685.16 686.38 685.01 683.6 
8 681.82 682.03 <= 682.63 =>= 683.55 685.26 686.39 684.97 683.5 
9 681.83 682.05 == 682.57 == 683.98 685.311 686.34 684.90 683.6 
10 681.84 682.00 = 682.58 683.89 684.05 685.33 686.29 684.82 683.5 
V1 681.8) 681.99 = ee == 684.05 685.38 686.25 684.79 683.4 
12 681.81 681.99 SSS oe a 683.79 684.04 685.47 686.14 684.82 683.4 
13 681.83 682.05 325 << pa 684.06 685.47 686.26 684.83 683.3 
18 681.85 682.07 = === a 684.00 685.51 686.09 684.66 683.2 
15 681.81 682.08 == -s— 683.90 683.95 685.50 685.95 684.55 683.2 
6 681.79 682.11 682.40 ==> —— 684.03 685.58 685.95 684.55 683.3 
7 681.84 682.10 682.41 === 683.95 684.12 685.76 685.92 684.66 68372 
8 681.83 682.10 682.43 === === 684.15 Ga52.912 685.89 684.51 683.2 
9 681.84 682.13 682.43 === eee 684.19 686.10 685.84 684.39 683.2 
0 681.89 682.15 682.43 === 683.97 684.26 686.22 685.73 684.31 683.1 
1 681.91 682.17 682.44 aa = 684.31 686.30 685.68 684.35 683.1 
2 681.93 682.17 682.45 === 683.98 684.36 686.35 685.72 684.25 683.1 
3 681.92 682.20 682.46 oS === 684.40 686.39 685.78 684.15 683.1 
4 681.90 682.20 682.47 me 684.00 684.48 686.52 685.70 683.96 683.0 
5 681.92 682.23 682.47 ose == 684.54 686.60 685.65 683.80 683.0 
6 681.91 682.22 682.46 -—- === 684.32 686.59 685.64 683.91 682.9 
7 681.92 682.23 682.50 wr aa 684.59 686.60 685.55 683.94 682.8 

28 681.92 682.22 682.52 == sores 684.79 686.58 685.50 684.00 682.8 

29 681.93 682.50 a —— 684.83 686.63 685.46 683.90 682.9 
30 681.97 682.52 Pee tS 684.85 686.58 685.40 683.87 682.8 
31 681.98 682.54 a= = 686.56 685.33 682.7 

SUMMARY FOR THE YEAR 1971 

MAXIMUM DAILY WATER LEVEL, 686.63 FT ON JUL 29 TYPE OF GAUGE - RECORDING 
MINIMUM DAILY WATER LEVEL, 681.78 FT ON JAN 6 LOCATION - LAT Soe2 San 


LONG 108 52 50 wW 
WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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FACTORS INFLUENCING WATER LEVELS 


All lakes are a volume of water held in a natural depression in the 
earth's surface. The quantity of water in a lake, and hence its surface 
elevation, is governed by how much water is being added to the lake and 


how much is being removed. 


There are three major ways in which water is added to a lake. The largest 
source is usually from run off over the surface of the ground by way of 
rivers and streams. The second may be by replenishment due to a subsurface 
flow of water into the lake. The third is by precipitation which falls 


directly on the surface of the lake. 


Water can be removed from a lake in three ways as well. Often the major 
quantity of water will be removed by an outflowing river or stream. Re- 
moval of water by a subsurface flow of water away from the lake may also 
occur. The third route which water may take is by direct evaporation from 


the lake surface, and by consumption by plant life in or near the lake. 


The lakes of the Delta not only respond to these influences but also many 
lakes in the Delta can receive water by innundation from other nearby 
lakes or rivers. In fact large areas of the Delta can be flooded during 
high water levels such that several lakes may be joined to form a larger 


body of water. 


The level of the water surface of a river is primarily determined by the 
volume of water flowing in the channel, and by obstructions in the channel 
such as ice jams, log jams, and beaver dams. Upstream of obstructions the 
river is raised in accordance with the volume of water flowing and the de- 
gree of obstruction being created. In the reach of a river which is imme- 
diately upstream of a lake, the level of the lake and the river flow deter- 


mine the water level in the river. 
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The rivers within the Peace-Athabasca Delta are subject to all of the 
foregoing influences as well as being subject to varying water levels 
due to their very slight surface slope. The water level at each end of 
a Delta river determines the rate of flow, the direction of flow and the 


level of the river itself. 
CLIMATE FACTORS 


Although the main source of water is from outside the immediate Delta 
area, any shortage in this supply brings into sharp focus the significance 
of the local climate. Four climate factors have a bearing on the water 
levels in the Delta. These are precipitation, evaporation, temperature, 


and wind. 


Average annual precipitation at Fort Chipewyan is 12.6 inches (10 year 
mean). Winter precipitation from November to April averages 4.3 inches, 


while rainfall during the remainder of the year averages 8.3 inches. 


Evaporation from the water surfaces of the Delta represents a significant 
loss of moisture and hence is an important part of the total water balance. 
The estimated mean value of annual evaporation for lakes of the region is 
16 inches. It is unlikely that this value may be directly applied to Lake 
Athabasca due to its large size, but the value is probably applicable to 
the smaller lakes of the Delta. Direct observations of evaporation were 
made in 1970 and 1971 during the months of June, July and August using a 
Class A Evaporation pan located on the east side of Mamawi Lake. The indi- 
cated net lake evaporation for the 3 month period in 1970 was 6.7 inches, 
and in 1971 was 4.4 inches. Calculations based upon water level changes 

in small basins in the Delta during 1971 indicate that 18 inches of water 
were lost be evaporation, transpiration, and seepage during the 6 month 
period May to October. Inasmuch as evaporation is usually greater than 
precipitation during the ice free period of the year, it follows that a 


persistent reduction in water levels will occur in most basins unless they 
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are refilled by flooding. 


Temperature, particularly during the winter, affects the water balance 

by determining local rates of snowmelt and spring runoff, and influencing 
the production of ice in the rivers and lakes. It now appears that sever- 
al lakes in the Delta are saved from being drained during the winter be- 
cause their outlets freeze solidly and prevent or reduce outflow. Such 
appears to be the case with Lakes Claire, Mamawi, Richardson, and many 
other smaller lakes. Even the level of Lake Athabasca is affected by the 
formation of an ice sheet which forms in the shallow west end of the lake 
and restricts the outflow. This condition can lead to the establishment 
of a physical control point for outflow somewhere in the vicinity of Pine 
Island just east of Fort Chiepwyan. An outflow channel then develops in 
the lake at Fort Chipewyan where winter water levels were observed to be 
at elevation 676 in March of 1971, some 6 feet lower than in the main body 
of the lake. This causes water levels in Riviere des Rochers, Chenal des 
Quatre Fourches and other adjoining channels to recede to similar levels 
during the winter. This phenomenon has not yet been completely documented 


but is the subject of further investigations. 


The date of freeze-up in the Delta varies depending upon the location 
being considered: the shallow basins are the first to be ice covered and 
the rivers the last. However, using observation of ice formation in Lake 
AThabasca at Fort Chipewyan, the average start of freeze-up is October 25. 
Similarly, the average date of the start of break-up at Fort Chipewyan is 
May 20. The large lakes of the area, however, may still contain ice as 
late as mid-June. The frost-free period in relation to the growing season 
of the Delta is approximately 90 days. The average date of last frost at 
Fort Chipewyan is June 7, and the average date of first frost in the fall 


is September 5. 


Wind is an important factor to water levels in the Delta due to the seiche 
effect which occurs on Lake Athabasca with strong southwest or northeast 


winds. 
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From an examination of lake levels and wind data at Fort Chipewyan and 
Uranium City, for May to July 1970, it appears there is a significant 
relationship between the wind and the levels of Lake Athabasca. While 
three months is not a lengthy period of record, it was thought some clari- 
fication could be made, to visual indications, that the wind was affect- 


ing the lake level. 


There were 23 days during this period when the lake level had pronounced 
Fluctuation of 1/2 - 3 feet. The wind action for the same period was com- 
pared to the gauge height recordings for the lake level, and the results 
were: 
- W.S.W., W., N. and N.E. winds tend to have the greatest effect 
on the lake level. (These winds occurred on 19 out of the 23 
days.) 
- From these winds, the W.S.W. and W. winds caused the highest 
and most frequent fluctuations. These winds had an overall 
tendency to cause the lake level to drop. (These winds occurred 
on 11 out of the 19 days.) 
- The N. and N.E. winds have the reverse effect, by causing the 
lake level to rise. (These winds were found on 8 out of the 
19 days.) 
- The highest fluctuation was recorded on July 8th. During the 24 
hour period, the lake level decreased 2.8 feet over the first 14 
hours and then increased again 2.4 feet in the remaining 10 hours. 
For the same 24 hour period, the wind was from the W.S.W. at an 
average velocity of 10 mph and a maximum velocity of 22 mph. 
To illustrate the effect of the N.E. and S.W. winds, the lake levels for 
four different days were plotted hourly with the wind action for the same 


period. 


Using the data from the four days plotted and assuming the wind was the 
determining factor in the changing lake levels, it was found that an aver-~ 
age wind speed of 13 mph was required to cause a | foot fluctuation. Un- 


der the same assumption, the wind would have to blow approximately 6 hours 


BS 


at 13 mph to make a 1 foot fluctuation. 


A further examination of data was done, to indicate a possible oscillating 


movement of the lake surface, which would also effect the lake level. 


From the lake levels at Fort Chipewyan, a period was chosen where little 
change occurred in gauge height. For a nine day period from June 9 - 17, 
with average wind conditions, there appeared to be a gradual increase and 
decrease in the lake level on each day. These minor fluctuations were re- 
corded and an average of 7 hours was calculated for the time between peaks. 
The equation: 


2 
gd 


Tn = x 
n 


For determining the period for lake seiches, was also applied. 


Where: Tn = period of the seiche 


L = length of water body (130 miles) 
n = no. of nodes 

d = mean depth (85 feet) 

g = acceleration of gravity 


The results gave a period of 7.28 hours, comparable to the 7 hour average 


found during the nine day period. 
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LAKE ATHABASCA 


Lake Athabasca with its 3,000 square mile surface area is the key to water 
levels in the Peace-Athabasca Delta. In spite of its large size, Lake 
Athabasca undergoes a considerable annual fluctuation in water level. 
These changes in water level can be as much as 10 feet in one year, but 
average about 5.5 feet. The most dramatic change in levels occurs when 
the lake rises from its winter minimum of 682.5 feet to its midsummer 

peak of 688.0. The volume of water required to raise Lake Athabasca the 


5.5 feet is approximately 11 million acre feet. 
INFLOW 


Lake Athabasca has a watershed of 112,000 square miles. The major tribu- 
tary is the Athabasca River with a drainage area of 61,300 square miles. 
This river rises in the Rocky Mountains and hence its flow is characteris- 
tic of all mountain rivers in that it has a high summer discharge and low 
winter flow. The Fond du Lac River is the second most important tributary 
and has a gross drainage area of 33,200 square miles upstream of the vil- 
lage of Fond du Lac. It has its headwaters in the Canadian Shield area of 
northern Saskatchewan and its watershed contains many lakes which are 
typical of the Shield. Consequently this river is characterized by rela- 


tively stable discharges with little change from season to season. 


The largest lake in the Fond du Lac watershed is Wollaston Lake and it is 
worthy of note since it has two outlets. One outlet is the Fond du Lac 
River which flows to Lake Athabasca and the other outlet is the Cochrane 
River which is a part of the Churchill River system draining into Hudson 
Bay. Preliminary investigations (Davis 1970) indicate that the total out- 
flow from Wollaston Lake is divided so that approximately 90% of the water 
goes into the Cochrane River, while the remaining 10% flows into the Fond 
du Lac. Since the lake has a total drainage area of 6,200 square miles, 
only some 620 square miles are considered to be contributing to Lake Atha- 


basca. 
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The Lake Athabasca watershed, other than these two major rivers, is com- 
posed of 6,500 square miles draining into the south side of the lake, 
2,800 square miles drainage from the north, and 8,100 Square miles which 
drain into Lakes Claire and Mamawi at the west end of the Lake. These 
areas are characterized by relatively low runoff but they do exhibit a 


high variability from year to year in the total volume of runoff. 


Another source of water for Lake Athabasca is the Peace River. This river, 
although not a direct tributary to the lake, frequently discharged some 

of its water into the lake during periods of high river flows and as a 
result of ice jams which raise the river high enough to flow into the lake. 
Traditionally Peace River water flowed into Lake Athabasca during the 
spring and summer whenever the water level in the river was higher than 

the lake. The volume of water added to the lake from the Peace averaged 


one million acre feet annually in the 1960 to 1967 period. 
OUTFLOW 


Outflow from Lake Athabasca is by way of two channels, the Riviere des 
Rochers and the Chenal des Quatre Fourches. A third channel, the Revillon 
Coupe is a branch of Riviere des Rochers and is relatively small in compa- 
rison to the other two. All three rivers join Lake Athabasca to the Peace 
River. The flow of water in these channels is determined by the relative 
difference of water levels in the Peace and in the lake. The higher Lake 
Athabasca is in relation to the Peace River, the greater the outflow will 
be. Conversely, higher Peace River levels create a southward flow of water 
into Lake Athabasca. When the levels of both are equal then the lake is 
effectively dammed and there is neither inflow nor outflow. The Slave 
River begins at the confluence of the Peace River and the Riviere des 
Rochers and its flow is a function of the discharge in the Peace and the 


outflow from Lake Athabasca. 
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MATHEMATICAL SIMULATION OF THE SYSTEM 
THE HYDRAULIC NETWORK 


The channels linking Lake Athabasca, the delta lakes and the Peace River 
form an intricate hydraulic network. The flows in the interconnecting 
channels respond to the Peace River flow and Lake Athabasca level and, 
although the predominant flow is towards the Peace River, reversed flow 


occurs at high stages of the Peace River. 


The degree of complexity of the system to be represented by the simulation 
model must be limited to some extent to simplify the mathematical solution 
of the system and to be consistent with the data which are available to 
adequately describe the system hydraulics. At the same time however suf- 
ficient complexity must be retained in the model so as not to reduce exces- 


sively the accuracy and the reliability of the simulation. 


The network system selected for simulation in this study consists of the 
Riviere des Rochers, Chenal de Quatre Fourches, Revillon Coupe and the 
reach of the Peace River between the Quatre Fourches and Rochers channels. 
The delta lakes and their interconnecting channels were not included as 
individual entities but were combined with Lake Athabasca and treated as 


a single water body. 


As illustrated in Figure C-1 and Figure C-2, the simulation model was de- 
veloped with two options; Option #1 without the Revillon Coupe considered 
and Option #2 with the Revillon Coupe considered. Option #1 considerably 


simplified the solution of the flow functions of the network. 
AVAILABLE HYDRAULIC DATA 


All available data were assembled and reviewed in order to establish the 


required flow function for each of the network channels. Tabulations of 
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the data are presented in Tables C-1 to C-4. Where published records 

are available they were used as the data source. Records for 1960 were 
obtained from the Water Survey of Canada, Report No, 11, entitled ''Peace 
River investigation, 1960.'' Some data, as indicated in the tabulations, 
were not included in the regression analyses for the various flow functions 
because the data set was either incomplete’ or at variance with the other 


data. 


HYDRAULIC FUNCTIONS 


Regression Analysis for Flow Functions 


Each set of data included in the regression data for analysis of the 
network channel flow functions consisted of simultaneous upstream and 
downstream stages together with a discharge value. In order to force the 
regression equation into a form equivalent to Manning's equation, log 


transforms were applied of the form: 


Log (H, + H,)/2 and 


Log Q/(H, - Heat 


The generalized channel flow functions are of the form: 


where Q = channel discharge in 1000 cfs. 
H= upstream stage in feet above channel datum 
Woe downstream stage in feet above channel datum 


Values of channel datum are listed in Table C-5 as E (base). 
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The channel flow functions together with the transformed data are shown 

on Figures C-3 to C-8 for the various channels. To test the reasonable- 
ness of each flow function, Manning's n was computed for a range of stages, 
based on average channel conveyance factors as determined from measured 
cross-sections. The resulting values of n together with the values of the 
coefficients and exponent for each channel of the network are shown in 
Table C-5 and Table C-6. 


At the Peace-Slave-Rochers confluence a direct stage/discharge relation- 


ship was formulated as: 
H, = K(Q)” 


The values of the coefficient and exponent determined from the regression 
analysis for this relationship are also included in Table C-5. The 
adequacy of this stage/discharge relationship was checked by comparing 

it with relationships for the Peace River at Peace Point and the Slave 


River at Fitzgerald (obtained from the Water Survey of Canada) as shown 


in Figure C-9. 
Critical Depth Functions 


The nature of the developed flow functions for the network channels is 
such that after a certain head difference in the channel is exceeded a 
further increase in head results in a decrease in discharge. To exclude 
this unrealistic condition from the simulation, critical depth relation- 
ships for each channel were developed. The generalized form of the cri- 
tical depth functions are: 


He = Ke (Q)” and 


Hc#="Ce (H,) 
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where Hc = critical stage in feet above channel datum, 
Hy = upstream stage in feet above channel datum, and 
Q = channel discharge in 1000 cfs. 


Values of these coefficients and exponents for each channel are included 
Ln sable ’C—5: 


Once the downstream depth in the channel becomes less than critical, 
channel discharge becomes essentially a function of the upstream stage 


only. 


Weir Equations 


To permit inclusion of various control structures in the simulation of 
the Peace-Athabasca delta channel flows, expressions for the hydraulic 
conditions imposed by the structures were developed for both the free 
and submerged discharge conditions. The generalized form of the control 


structure hydraulic functions are: 
Ne 
Q=C, wle - H (crest) | (free discharge) 
N Ne 
Q - C. u|-1og | S lH - H, | (submerged discharge) 
where Q = discharge in 1000: cfs. 
H= upstream stage in feet above channel datum 


H(crest) = crest height in feet above channel datum 


Ho= downstream stage in feet above channel datum 


W = crest width in feet 
H, - H(crest) 
Ss =| ——————_! = degree. of submergence 


H, - H(crest) 


S(limit) = limiting submergence value at point of change from 


free discharge to submerged discharge. 


cS 


Values of these coefficients and exponents for several alternative 
structures are shown in Table C-6. When structures are located within 
a channel reach, the channel flow function is subdivided into upstream 


and downstream reaches by altering the coefficient K as follows: 


K[ L/L (upstream) | , and 
K[ L/L (downstream) | 


K (upstream) 


K (downstream) 


where L total length of channel reach 


L (upstream) length of upstream channel reach 


L (downstream) length of downstream channel 
For structures on the Slave River the stage/discharge relationship at 
the Peace-Slave-Rochers confluence was modified as shown below to 


include the hydraulic effect of the structure: 


Coefficients and exponents for structures on the Slave River are also 
included in Table C-6. 


Computer Model to Verify Flow Functions 


A simplified computer model was developed in order to combine the jndivyi- 
dual flow functions into an overall inflow/outflow relationship from Lake 
Athabasca to the Peace River and thereby permit comparison with previously 
developed relationships. The computer model included the effects of the 
channel flow functions, critical depth functions and provision for the in-. 
clusion of control structures on the Slave River or Riviere des Rochers. 
Lake Athabasca inflows and volume changes however were not included. Thus 
the model represents a static condition only and for a given lake stage 
and Peace River discharge permits the determination of stages and flows 


throughout the delta network. Options with and without the Revillon Coupe 


where Ye = or Gytolenrutipe Dewees howard Seong NIG 
7 «NAN ve bot abcd sb iy eteuad stacy rian Sha ed Gad: 
cnavtWel! ofictebdy heveed ined sont wot Fennsda ody fey lone 

rewal lot ee W detol tiene aft palverl@ yd esrose) mearservol “ © 7 

lal‘ues of ese coo’ Ticletts aid aepémeed FOr each) chaanel are ‘abel Pte 
hacTehtn os bre, { femeareau) Nija * (men12qu) Ao © 

[ (aneryemwob) 2\2/] d= (eet eAWoby 21 a 
"oe 1% ‘Cwoitrean Gepth in the chagnne! Bemtgmes laces than crigicel, i; 
Name! Jinonerse berémes vloserm Ilophero mga bd ete? upsereg singe J evalw 
oe hoster lanneds meatiegy W Atpnel = {maa v2aqu) P| a a 
lonnarns mse ttamwod Yo dipnsf = (meavzeawod) J, 


_ 


14 Gidenolietes spvsroalb\spere aly dovl? evel? eli no esiwisuWe 107 
le Sears He Ted wat helt covnih. 2erceek td bont aayurenouk? ce aisidaR-awsie-eoee4 aia 


‘he Seice /thabawed Jelte Cenc! Sbtesou aeons occa teeta) teeing ens abut sat 

Sarl Cias (mpoved ly tte structured war Gael We for both the Pree re A 
wirge <i ge concitians. is sandra » eh he gh wt ie cootral 

$tructare Svile@ette une lary ere: UF 


o2(6 a5 toulA shale af} Meyers ae we: Snes ane ae 
epee doa s{deT nl bebulanh ” 
Ww 


° 
» HW, ! (subserged dische 
' eno Pabavd 


f 
0 (. vi~low sl, nN, 
wor? tiasV a) Is 


~ a \ 


wWiere Q ~ dey in $990) ofa, 

ur bat Adie alt + aU. dinon 0 93, 1919. banal eveb. sy | (ebow ‘veIuqno. bai Vitagnta re 

esd mel airy np idal an “nl Ven L Aisseve pa ost Rnaitanu7 wot. tv 

Wielaaae Addy SAL Aad PaLat  ae anes 
201,29, esas ada bapuloni peel Terug aT, altel aeey dep 

“nt eed 0 ngleivese bis aeattony? Nigqeb fesisinve «anol Sonu? wot 4 ° 


aration ietsirwwwi VIR yo revIA svel2 ort no aoiusouse forges am ray 

an eeralen) dep pote Sal Ra lov baa ewortat #2 ten 
skasl ssl i 107 bos etic es eae a 7 Aebe ‘ 

(Pee SO SAREE, LA AE LOS ot 


sqney hae be * tier i soba 


a meer = 
i. j : 


C7 


In addition to the daily data files, 5-day average data files for the 
above stations were developed for use in both the water balance and 
simulation models. A 5-day period was selected as a practical time in- 
terval for use in the simulation model, representing a compromise between 
the unnecessary refinement associated with a daily period and the inaccu- 
racies inherent in a longer time period. Accordingly, each year was divi- 
ded into 73 5-day time intervals commencing on January 1, with one 6-day 
time interval (February 25 to March 1) each leap year. Additional proces- 
sed data derived from the regulated Peace River flow computations and the 


water balance, were added to the 5-day data file. 


Daily climatological data was obtained for the Fort Chipewyan station, 
from the Meteorological Branch of the Ministry of Transport, Toronto in 


the form of punched cards and transferred to the data file. 


COMPUTER PROGRAM FOR WATER BALANCE 


To obtain inflow data for Lake Athabasca other than flow originating from 
the Peace River a water balance model for Lake Athabasca was developed 


based on the relationship: 


Inflow = Outflow + Change in Storage Volume 


The inflow to Lake Athabasca was defined as: 


Inflow = Athabasca River Flow + Fond-du-Lac River Flow + Ungauged 


Inflow, 


where ungauged inflow allows for precipitation and 
evaporation over the lake area. Time lags of minus 
one day and minus two days for Athabasca River and 
Fond-du-Lac River flows respectively were imposed and 
are reflected in the 5-day average data file values 


for these stations. 
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The outflow from Lake Athabasca was computed as: 


Outflow = Slave River Flow at Fitzgerald - Peace River Flow at 


Peace Point. 


A time lag of plus one day was imposed on Slave River flows, and again 
this is reflected in the 5-day average data file values for this station. 
This method of determining outflow unavoidably includes discharge from 
about 4,000 square miles of drainage area downstream of the Peace-Slave 
confluence which lies outside the Lake Athabasca drainage basin. Since 
this area represents less than 2 percent of the total drainage area no 


correction was applied. 


This change in storage volume for Lake Athabasca was determined from re- 


corded lake stages at Crackingstone Point and the stage-volume relationship. 


Volume changes were based on smoothed lake Stages determined by taking the 
mean of two consecutive average 5-day values as the end of time interval 
lake elevation. This procedure largely eliminated wind and wave effects 
from the recorded lake stages which often cause unrealistic variations in, 


and possible negative values for, the calculated lake inflows. 


The water blance model was used to calculate 5-day values for the period 
of record from July 1, 1959 to October 31, 1971 for: 


= total inflow to Lake Athabasca 
= ungauged inflow to Lake Athabasca 
= change in storage volume for Lake Athabasca 


These data were added to the 5-day computer files. 


COMPUTER MODELS FOR SIMULATION OF LAKE LEVELS 
——————— Et 


Gy 


Simulation Methods 


In order to determine Lake Athabasca stages and flow conditions in the 
various channels linking Lake Athabasca and the Peace River, both under 
existing conditions and with various proposed control structures, a sim- 
ulation model of the system network was developed. This model involves 
the solution of the channel flow equations, the continuity equations at 
the channel confluences, and the stage/volume and water balance equations 
for Lake Athabasca. The elevation of Lake Athabasca at the beginning of 
the period analyzed is pre-specified. Peace River discharge and inflow 
to Lake Athabasca (as determined from the water balance model), for the 
5-day time interval under consideration comprise the required input data 


to the system and permit the solution of the network equations. 


An iterative technique (bootstrapping) was used to solve this system of 
equations for each specific 5-day time interval. Trial values of given 
variables were progressively adjusted until all constraints of the system 
network were satisfied for each succesive 5-day time interval. To avoid 
excessive oscillation during convergence and to minimize computer time, 


binary search techniques and step adjustments were used when required. 


Due to the relatively complex nature of the network and the number of 
equations and variable involved, more sophisticated techniques for the 
solution of systems of nonlinear equations were examined. These included 
the Newton-Rhaphson method and the Secant method. Considerable develop- 
ment work on both these techniques was carried out, but in view of time 
and budget constraints the easier developed and controlled iterative 


technique was used in this study. 


Extension of the existing model could include Mamawi Lake and Claire Lake, 
and the associated interconnecting channels. In this case the iterative 
technique would become unmanageable due to the system complexity, and 


development of one of the more sophisticated methods would be necessary. 
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Simulation Model 

The simulation model was developed with two options, depending on the 
number of channels represented in the network solution: Option #1 

without Revillon Coupe, and Option #2 including Revillon Coupe. 

The schematic system networks for these options are illustrated in Figure 
C-1_ and Figure C-2 respectively, and the equations involved in the solution 


of each are listed below 


Channel Equations 


Option #1] Option #2 
Q12 = f (El on Q12 = fF (El, E2) 


a heron al ei aed ay Q14 = f(E1l, E4) 

Q23 = sen £3) Q43 = F(E4, £3) 

QS = f(E3) Q23 = f(E2, E3) 
Q42 = £(E4, E2) 
QS = f)E3) 


Continuity Equations 


O23 a= NOP ae Di Q23 = QP + Q12 + Q42 
OS = 01374023 QS = Q23 + Q43 
QI4 = Q43 + Q42 
Storage-Volume Equation 
El = f(V) El = F(V) 
Water Balance Equation 
Qi2 + Q13 = QL + AV Q12 + QI4 = QL + AV 


The above equations provide the basis for the mathematical model of the 
hydraulic system. As described previously, critical depth conditions are 
required as a constraint on the channel flow functions and provision for 


this was included in the computer simulation model. 


C11 


In addition to the above equations, provision for the inclusion of the 
hydraulic effect of control structures on the Slave River, on the Peace 
River and on the interconnecting channel reaches was made in the simula- 
tion model. Both free-discharge and submerged flow conditions are inclu- 
ded and, depending on the degree of submergence, the appropriate weir 
flow condition is selected by the program. Simulation of the hydraulic 
effects of gated control structures is accomplished by closing the gates 
completely (zero discharge) for a set time period each year, with the 
gates considered fully open for the remaining time intervals. Where a 
control structure is stipulated the channel flow function is divided into 
upstream and downstream reaches and stages are calculated for each reach 
Separately. Channel discharge is then adjusted by successive iterations, 
including the discharge relationship for flow over the control, until 


convergence is achieved. 
Ice Conditions and Model Calibration 


The channel flow functions described previously were developed for open 
water conditions only. To accomodate the effect of ice cover during the 
winter months provision for ice coefficients to be applied to the open 


water functions in the form: 
Q(ice) = KQ(open) 


was included in the simulation model. Theoretically, K = 0.63 if channel 
roughness is assumed constant for both open and ice conditions. However, 

in practice K varies from 0.2 upwards depending on conditions such as ice 
thickness and ice jamming. To accomodate this variation and thereby provide 
continuity from year to year in the simulated lake hydrographs an ice indi- 
cator with three possible options was included in the simulation model as 


follows: 
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Ice Indicator Condition 


l Open water condition 
Z Ice cover with: 
Kl for period tl 
K2 for period t2 
K3 for period t3 


3 Ice jamming condition 


When the ice indicator is | for a specific 5-day time interval, open 

water flow functions are used in the simulation; when the indicator. is 
2, the open water functions are adjusted by the appropriate K value for 
periods tl, t2, and t3; when the ice indicator is 3 and additional ice 


jamming condition is included in the simulation. 


Verification of the simulated lake hydrographs was provided by comparison 
with recorded Lake Athabasca stages. Several computer runs were made with 
different K values and time periods. The best agreement between simulated 
and recorded lake stages was achieved with KI = 0.6 for the period from 

freeze-up to December 31; K2 = 0.5 forthe period from January 1 to March 


16; and K3 = 0.4 for the period from March 17 to break-up. 


Tests were run with ice indicator 3 for the ice jamming condition included 
in the simulation but the calibration was not significantly improved. Fi- 
nal model calibration was based on the indicator 2 condition and the effect 


of ice jamming is accounted for on an average basis by coefficient K3. 


A comparison of the simulated and recorded lake hydrograph with no hydrau- 


lic control imposed on the hydraulic network for the 12 year period 1960- 


1971, is shown in Piguren Gab « 


It should be noted that this method of calibration for the winter ice con- 


dition imposes an average winter condition for each year of the simulation. 
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An improved calibration should probably be attempted, using actual winter 
conditions for each specific year, simulated by appropriate adjustments 
of K values and time periods, based on climatic parameters, such as tem- 


perature. 
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TABLE C-] 
Sheet 1 of 2 


SUMMARY OF DISCHARGC MEASUREMENTS 


RIVIERE DES ROCHERS & REVILLON COUPC 


RIVIERE DES ROCKERS RIVIERE DES ROCHERS 


REVILLON COUPE 
L. ATHABASCA TO REVILLON COUPE REVILLON COUPE TO SLAVE R. 


DISCHARGE W.S. EL. LESS 670.0 Ft. DISCHARGE W.S. EL. LESS 670.0 Ft. DISCHARGE W.S. EL. LESS 670.0 Ft. 
DATE 1000 CFS Gauge Gauge Gauge Gauge 1000 CFS Gauge Gauge Gauge 1000 CFS Gauge Gauge Gauge 


#1 = WSC-3.«#28——SS—«&2Q #30 #31 #2 #38 #32 43 
1971 
Janse 2097 6.63 
Feb, 17 9201 3.94 
Mar. 16" 8.7 6.47 5.10 
May 27 67.9 ** 14,40 | 13.36 12.92 10.79¢ 
June 1 62.6 ** 14,13 13,12 12.70 61.32* 11.07¢ 1.28 * 12.30 12.54 
3 68.2 ** 14.34 13.36" °12.97 2. B08 U1) S6 5 1)-26e 12.62 12.69 
5 76.9 * 14.76 14.00 11.14¢ 13.06 12.72 
8 73.0* 14.47 13.45 71.23 11.00¢ 1.77 12.60 12.36 
9.” 735060" 14033 13.49 11.07¢ 12.58 12.46 
10 :66.7.* . 24.13 13.07 66.11 11.07¢ 0.59 12.41 12.52 
16 73.4* 14.64 13.98 71.93 11.42c 1.47 13.18 13.44 
16 58.0 ** 14.74 14.40 14.09 12.54c 
19 57.5* 14,54 13.93 12.73c 13.79 
21 37.0 ** 14,53 14.31 14,29  Digeae 
22 14.85 15.27. 14.99 14.34c -8.54* 16.26 
23 219:3 5 15°32 15.42 14.81c 16.47 
24 15.30 15.68 15.12 “15.16¢ — -7.09 
25 25.4% 15.42 15.22 - 14.81¢ 
28 40.0 ** 14.74 14.18 14.07 46.44% 13.67¢ | -6,44 
30 58.3 ** 14.99 14.42 14.10 59.72* 12.99¢ -1.42* 14.69 
July 2 48.9 ** 15.16 15.05 14.58 52.18* 13.30¢ -3.28* 16.14 
5 35.4 ** 15.48 15.37 + 15.02  40.15* 14.40c° -4.75* 15.64 17.12 
7 49. ** 15.58 15.33 15.02 51,83* 13.80c -2.33* 14.84 15.96 
9 63.0 ** 15.48 14.94 14.52 63.99% 13.18 -0.99* 14,36 14.97 
12 $9.3 ** 15.35 14.52 14.21 60.54 14.07 13.27 13.05¢-2.24# 14.85 
14 54.1 ** 15.58 15.20 14.76 57.3* 14.79 14.28 13.37¢ -3.20* 14.76 16.14 
16 29.5 ** 16,23 16.22 15.96 37.63* 15.84 14.69¢ -8.13 15.96 
19 16.25 16.70 15,98 16.02 15.93 16.20 
21 44.2 ** 16.67 16.61 16.54 49.33# 15.80 -5.13 
26 16.92 15.51 14.04 0.923 15.28 
28 82.9 ** 16.81 15.82 15.44 79.84* 13.50 3,06* 15.02 15.13 
3077.4 ** 16,57 15.40 14.93 74.6* 12.95  2.80* 14.55 14.52 
Aug. 3 90.3% 16,50 15.24 12.24 14,18 13.69 
85.5 ** 16,39 14.89 14.50 81.9 * 14.11 12.69 11.83 3,60* 13.20 
9 91.5 ** 16,23 14.76 14.38 87.63 14.09 12.92 11.15 3.87" 13,47 12.48 
1 16.21 14.77 14,32 19,69) €.12;,0900J0.9940 3.03910 19.96 12.30 
12 84.9 * 16.24 14.67 10.93 13:41 12.20 
13 85.3 * 15.52 14,03 10.54 13.65 17.84 
16 16.24 14.84 14.22 . 13.67 11.94 10.80 4.17" 13.32 12.00 


17 88.8 * 15.99 . 14.43 13,60 10.61 13.19 iye8¢ 
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TABLE C-1 
Sheet 2 of 2 


RIVIERE DES ROCHERS RIVIERE DES ROCHERS 
REVILLON COUPE 
L. ATHABASCA TO REVILLON COUPE REVILLON COUPE TO SLAVE R, 


DISCHARGE W.S. EL. LESSIG /OF05Ft mee DISCHARGE SAWS. EL mee o50670-0Nrty DISCHARGE — Wes EL LESS 670.0.Ft. 
DATE 1000 CFS Gauge Gauge Gauge Gauge 1000 CFS Gauge Gauge Gauge 1000 CFS Gauge Gauge Gauge 


#1 WSC-3 #28 #29 #30 #31 #2 #38 #32 43 
Aug. 20 90.5 ** 167 14.60 14,38 85.79% 13.88 11.96 10.54 4.7\* ee) Whee 
Com Oolae 15735 13.78 12% lbs B80R7 * 12.69 10,99 9.92 5.00% 12527 11.14 
26m 74. 5erke 15,24 13.51 13.12 71.54* 9.78 4b ENB) We 11.34 1).03 
Sept. Se 76.5) ** 14242 12.66 12.52 73.99* 11.81 9.95 8.87 2.512 10.13 
7 OOO 13253 11.93 8.80 LOZ 
280 59a 12.98 11.49 8.55 9.85 
OCin 15m 58. Cmte 91329 12.15 11.94 57.24* 11.62 10.34 9.8] 1.56* 1ie3¢d 
1970 
June 12 37,54* 13,83 13.83 13.28 12.98 12.45 
1452.67 14,33 13.82 13.46 12.48 
(ad (as). UGK 14.70 14.06 13.32 11.44 
27 13.18 1.62* 12.41 
July 9 58.86* 14.32 13.56 12.88e 10.93¢ 
10 14.85 12,55 1LI534Cm 210 12.79 13.06 
14 62.91** 14.60 12.94 60.88* 12.81 10°SS¢eu 2.03% 12.00 
6p 68,00 ee 14.85 13.14 65.14* 12.90e 105/265 .0b™ 11.98 
18 69.53** 14.95 13.16 66.72* 12.83e LORS Came eacl: 11.69 
(Ab) “TP Ngeehae Rh OH 12.74 68.3 * 12.55e 10 -22Gue SeO3* 11.28 
rae} ICC alias 12.14 67.32* 11.83¢ 9.49c 2,17* 11.03 
C/Ms SCC GOS. ois) Ts Fe 12.50e 9.64c 2.90* 10.97 
Aug. 24 65.81** 13.34 11.67 64.1 * 11.26e Sx49cm 71 9.67 9.10 
Oct. 3) 9.69 7.18c> 1.13% 8.12 
1960 
June 10 36.49% 16.98 16.81 16.60e 16.20 
July 1 -37.88 19.34 19.50 19.54 19.52 19.69 
Aug. 10 114.7 * 20.11 19.14 17.96 16.84 15.77 
Sept cue? 1040 eee S.01 mel co 16.68 15.44 14.35 
Oct sl ieel0S ceux 18e34 ely. 14 102.77 15.59 13.86 12.63 6.43 
Ce indicates value computed 
“e" indicates value estimated 


indicates discharge value together with associated stage values 
comprising a data set, included in the regression analysis 


hae {ndicates data sets included in the regression analysis for the 
Riviere des Rochers from Lake Athabasca to the Revillon Coupe 
confluence, as well as in the regression analysis for thc 
Riviere des Rochers from Lake Athabasca to the Slave River 


NOTE:- Guage numbers refer to Alberta Watcr Resources’ designations 
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DATL 


July 


Aug. 


Sept. 


Oct. 


W.S. 


SUMMAKY OF DISCHARCL MEASURLELRTS 


PEACE RIVER PROM QUATPL FOURCHES TO ROCHE RS CONTLULNCL 


VESSHG7OR0mits 


Gauge #3 Gauge 


12.54 
12.60 
12.69 
12.72 
12.42 
12. 36 
12.46 
12.52 
13.44 
14.69 
16.14 
17.12 
15.96 
14.97 
14.85 
16.14 
113 
14.52 
13.69 
13.39 
13.20 
12.48 
12. 30 
12.20 
11.84 
12.00 
11.82 
11.72 
11.73 
11.14 
11.03 
11.43 
10.13 
10.17 
10.40 
10.12 
10. 39 
11.06 
10.33 
9.85 
9.78 
10.59 
11.33 
10.54 


"c 


e€ 


een 


NOTE: - 


LLEV. DISCHARGE = - 
1 2 3 
SLAVE R. RIVIERE  RLVILILON 
#2 @ DLS COUPL 
FITZGLERALY = =ROCHLRS 
Ld OvieG 152.0 62.6 13 
11.14 ¢ 153.0 1.4¢ 
ara sere 155.0 68.2 1.5e 
11.14 ¢ }53.0 76.9 2.0e 
WYaLVa E 1570 case 
11.00 ¢ 151.0 73.0 1.8 
11.07 c 152.0 73.6 1.7e 
M07 te 152.0 66.7 0.6 
11.42 ¢ 157.0 73.4 5 
12299 ic 181.0 58.3 -1.4 
13230 te 186.0 48.9 S53 
14.40 c 104.0 35.4 -4.8 
13.80 .c 194.0 49.5 -2.3 
13..18%¢ 184.0 3.0 -1.0 
13..054¢ 182.0 $9.3 -1.2 
1Sis/ ae 187.0 §4.1 -3.2 
13.50 191.0 82.9 3.1 
12.95 181.0 77.4 2 fs) 
12.24 174.0 90.3 3.8 
12.04 168.0 3.7 
11.83 168.0 85.5 3.6 
11.15 156.0 91.5 3.9 
10.99 151.0 3.2 
10.93 151.0 84.9 3.4 
10.54 150.0 85.3 So8) 
10.80 151.0 4.2 
10.61 147.0 88.8 4.5 
10.51 145.0 4.6 
10.54 145.0 90.5 4.7 
onge 141,0 83.7 3.0 
9.78 136.0 74.5 3.0 
10K25 140.0 2.7 
8.87 126.0 76.5 Zee 
8,91 125.0 2.5 
9.14 124.0 2.0 
8.80 124.0 65.6 2.0 
Jel 124.0 ad 
9.83 130.0 Moby 
9.10 126.0 1.8 
8.55 119.0 bokee 1.8 
8.46 115.0 1.8 
8.95 124.0 1.6 
9.8] 133.0 58.8 1.6 
9.02 124.0 Nets 


indicates value computed 
indicates value estimated 


74. 
74. 
a9 
68. 
66.5 
67.3 
70.8 
73.9 
ENG T/ 
113.0 
169.0 
163.0 
128.0 
105.0 
0 
0 
0 
6 
8 
3 
6 
6 
4 
6 


73 


115 


1505 
86. 
le 
65. 
60. 
58. 


ADE 
49. 
48. 
48.5 
45.0 
44.7 
44.8 
45.0 
42.6 
44.4 
42.3 
39.1 
0 
3 
0 
3 
] 
1 
8 
5 
8 
8 
0 
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43. 
45. 
47. 
48. 
45. 
45. 
46. 
66. 
67. 
58. 


1000 CFS 


4 
PEACE RIVER 
@ 
PEACE POINT 


0 
8 


3 


5 


CHENAL 
QUATRE 
FOURCIIES 


Sto 


t 
no 
ann ns — @& 


-2.0 
-6.6 


indicates discharge valuc together with associated stage values 


comrising a data set, included in the regression analysis 


Guaae numbers refer to Alberta Water Resources’ desiqnations 


56. 


57. 


72. 
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TABLE C-4 
Sheet 1 of 2 
SUMMARY OF STAGE -DISCHARGL DATA 
PEACK RIVER, SUAVE RIVER, RIVIERE DES ROCHERS COHTLULICE 
DAIL WIS crELEY DISCHARGE DATE WSs ELEN DISCHARGE 
LESS 670.0 Ft. 1000 CFS LESS 670.0 Ft. 1000 CFS 
1971 1971 
May 6 12.28 176.0 13 8.48 121.0 
29 10.81 148.0 14 8.38 115.0 
July 17 16.14 226.0 15 9.03 119.0 
18 16.31 230.0 16 9.14 124.0 
19 16.20 229.0 17 &.£0 124.0 
20 16.10 226.0 18 8.92 120.0 
2) 15.20 222.0 19 9.01 121.0 
22 15.47 212.0 20 9.19 123.0 
23 15.48 216.0 2) oot 124.0 
24 14.74 210.0 22 9.26 124.0 
25 14,24 206.0 23 9.43 126.0 
26 14.04 196.0 24 9.&3 130.0 
27 13.89 196.0 25 10.13 134.0 
28 13.50 191.0 26 $.78 135.0 
29 13.19 187.0 27 9.10 126.0 
30 12.95 181.0 28 8.55 119.0 
31 12.78 181.0 29 8.46 115.0 
Aug. 1 12.72 179.0 30 8.59 117.0 
12.50 178.0 Oct. 1 8.66 118.0 
3 12.24 174.0 2 8.68 118.0 
4 12.06 169.0 3 8.78 120.0 
5 12.04 168.0 4 8.96 122.0 
6 11.83 168.0 5 9.02 e2123.0 
7 31.72 163.0 6 9.18 125.0 
8 11.46 161.0 13 9.71 124.0 
9 tists 156.0 14 9.87 131.0 
10 11.07 155.0 15 9.81 133.0 
1] 10.99 151.0 16 9.48 130.0 
12 10.93 151.0 17 9.23 126.0 
13 10.54 150.0 18 9.02 124.0 
14 10.64. 145.0 19 8.82 121.0 
15 11.07 148.0 20 8.76 120.0 
16 10.80 151.0 21 8.60 119.0 
17 10.61 147.0 22 8.51 117.0 
18 10.51 145.0 23 8.38 116.0 
19 10.47 144.0 24 8.39 116.0 
29 10.54 145.0 Oct. 25 7.89 114.0 
21 10,58 146.0 26 7.87 106.0 
22 10.31 144.0 27 8.46 111.0 
23 9.92 141.0 
24 9.84 137.0 
25 9.87 136.0 
26 9.78 136.0 1960 
; 27 9.91 135.0 ax 
28 10.03 137.0 April 14 10.76 142.0 
29 9.92 137.0 15 10.93 148.0 
30 9.87 136.0 16 11.28 150.0 
31 ome 135.0 17 11.70 155.0 
Sept. 1 10.04 136.0 18 11.93 159.0 
2 10.52 140.0 19 12.43 164.0 
3 10.25 144.0 20 12.85 171.0 
4 9.63 138.0 21 13.31 177.0 
5 9.49 132.0 22 13.73 183.0 
6 9.21 130.0 23 13.55 185.0 
7 8.99 127.0 24 13.70 184.0 
8 8.87 126.0 25 14,29 190.0 
9 8.91 125.0 26 14.98 196.0 
10 9.00 124.0 27 15,49 206.0 
11 9.18 123.0 28 15.41 210.0 
12 6.81 122.0 29 15.33 213.0 
.0 
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TABLE C-4 
Sheet 2 of 2 


DATE WeSiy EREV. DISCHARGE DATE W'S. EREN: DISCHARGE 
LESS 670.0 Ft. 1000 CFS LESS 670.0 Ft. 1000 CIS 


— 
wo 
a 
oO 
) 
wo 
Dn 
oO 


June 


1 16.1) 220.0 Aug il 16.61 228.0 
2 16.15 223-0 2 16.60 225.0 
3 16.45 227.0 x} 16.41 222.0 
4 16.56 230.0 4 16.33 22020 
5 16.27 228.0 5 16.23 220.0 
6 16.35 227.0 6 16.13 218R8 
7 16.63 227.0 7 15.93 216.0 
8 15.67 2een0 8 15.92 714.0 
9 16.06 22).0 9 15.86 24350 
10 16.20 223.0 10 Wie 7/7) 21320 
11 16.03 HONG) 11 15.68 212.0 
12 15.90 220.0 12 15.36 207.0 
13 16.2] 220.0 13 15.30 206.0 
14 16.53 228.0 14 15.08 203.0 
15 16.59 233.0 15 14.85 200.0 
16 16.82 235.0 16 14.49 196.0 
17 16.89 236.0 17 14.33 192.0 
18 16.96 236.0 Aug. 18 14.24 189.0 
19 16.99 238.0 19 14.25 188.0 
20 17.16 239.0 20 14.22 189.0 
21 17.24 240.0 21 14.21 1£8.0 
22 17.16 241.0 22 14.56 192.0 
23 17.36 242.0 23 14.72 195.0 
24 17.48 245.0 25 14.54 191.0 
25 17.84 248.0 26 14.70 192.0 
26 18.73 262.0 27 14.77 193.0 
June 27 19.01 272.0 28 14.54 193.0 
28 19.74 280.0 29 14.60 192.0 
29 19333) 280.0 30 14555 192.0 
30 19, 32 279.0 31 14.52 192.0 
July 1 19.69 262.0 Sept. 1 nq855 193.0 
2 19.61 283.0 2 13.89 187.0 
3 19,57 262.0 3 14.10 185.0 
4 19.67 203.0 4 14.10 185.0 
5 19.62 283.0 5 14.43 186.0 
6 19.64 7€2.0 7 14.35 192.0 
7 19.94 24.0 8 14.13 187.0 
8 19.48 286.0 9 14.30 186.0 
bs) 18.57 271.0 10 14.45 Te9e0 
10 19.31 2/0.0 11 14.47 191.0 
1] 19.48 271.0 12 14.83 194.0 
12 9.4) 270.0 Vi} 15.05 198.0 
13 19.24 268.0 14 15.18 202.0 
14 19.35 268.0 15 14.41 198.9 
15 19.13 268.0 16 14.22 188.0 
‘ 16 18.86 263.0 17 14.51 189.0 
17 18.54 259.0 18 14.22 189.0 
18 18.19 254.0 19 13.96 184.0 
19 18.12 249.0 20 13.98 184.0 
20 17.93 247.0 22 13758 178.0 
21 17.85 244.0 24 Isace 176.0 
22 17.90 244.0 25 13.44 174.0 
23 17.96 245.0 26 13.20 173.0 
24 18.04 243.0 27 Neo W/ 172.0 
25 17.44 241.0 28 13.05 170.0 
26 17.68 240.0 29 13.01 170.0 
27 No 238.0 Oct. 7 13.15 171.0 
28 17.26 235.0 1 12.63 161.0 
29 17.07 232.0 12 12.84 165.0 
30 16.86 229.0 
31 16.80 229.0 
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SS Approximate average annual lake level (1930 to 1970) 


Recorded lake level (smoothed 5 day means) 
—————_ Simulation of recorded lake level, option #1 
===—<=-<-<« Simulation of recorded lake level, option #2 


FIGURE C-13 Lake Athabasca Hydrographs, illustrating calibration of the Simulation Model, using Option 1 and 2 
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LAKE ATHABASCA 


SIMULATION ALGORITHM 


The algorithms used to obtain results contained in the report “Athabasca 
Delta Project Report #1 (Peace Athabasca Delta Symposium 1971)" have never 
been published in detail. This report is in response to inquiries that 

have been received by the author and is intended to point out the advantages 
and the flexibility of the method. A working knowledge of the above is 


assumed. 


GENERAL APPROACH — WATER LEVELS 


Others (e.g. Kellerhals, Bennett, Coulson) have simulated natural condi- 
tions on Lake Athabasca with fair to good success. All or most of these 
methods do not use water levels throughout as the basis of the system's 


simulation. Therefore, these models have several disadvantages: 


i. the effects of all types of structures at all locations cannot 
be studied. 
ii. the effects of ice jamming on the Slave River cannot be deter- 
mined 
iii. winter ice conditions are more difficult to simulate 
iv. channel regime characteristics and changes in time cannot be 
studied and the effects predicted. 
v. outflow is not determined for individual outflow channels 
vi. outflow relationships used in some cases were such that outflow 
was not always zero when water levels at both channel ends were 


equal. 


The algorithm used in the Water Resources Model (WR Model) does not have 
these disadvantages because water levels have been used throughout. In 
addition, is should be noted that the additional sophistication of treating 
the system as a series of 2 or more lakes could be added to the WR Model 


easily (if justified by the availability of separate inflow data). 
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OTHER USAGE OF THE BASIC ALGORITHM 


The author has previously sucessfully used this algorithm with adaptations 


G0; 


Lie 


1 ea, 


Pembina River at Entwistle Reservoir Routing, 1968 (controlled 
low level outlet, main spillway, auxiliary spillway, diversion 
tunnel, secondary storage reservoir, fixed operating levels, 
flood warning period, multiple hydrographs) 

Water - A Generalized Flood Routing and Reservoir Program for 
Timesharing, May 1970 

This program, developed on CGE Mark II timesharing system, is 
an easy to use spillway design program incorporating all the 
elements of item i above with the facility to selectively change 
design parameters. This program has been used by Alberta Water 
Resources personnel on roughly 50 projects of varying complexity 
and size. 

Gull Lake Report, August 1971 

The most complex adaptation to date (which required the addi- 
tion of a binary search) occurred with the Gull Lake Pumping 
Design. This involved (a) a case of uncontrolled low level 
reservoir outlet, uncontrolled spillway, 3 stepped electric 
diversion pumps, cut in-cut out at different levels and minimum 
pumping level; (b) a case like (a) except 2 variable rate gas 
pumps each with one fixed elevation at which the pump cuts in 
and out. A pump speed up factor was also employed above a 


fixed elevation common to both pumps. 
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BASIC ALGORITHM 
A/ = Symbols 
Flow (c.£f£.s.) 
Q, outflow of Rochers channel 
outflow of Quatre Fourches channel 
I Lake Athabasca Inflow 
Q, flow in Slave River at confluence of Rochers and Peace Rivers 
(unknown to simulation) 
a flow in Peace River above the confluence with the Quatre 
Fourches (known to simulation) 
Net Evaporation (feet/day) 
RAINEV - net evaporation 
Water Levels (elevation above sea level) 
ELAKE - Lake Athabasca water level 
G Water level (gauge height) at the Peace, Quatre Fourches confluen 


1g 

Gp Water level (gauge height) at the Peace Rochers confluence 
Storage (acre feet) 

S Storage in Lake Athabasca at level ELAKE 
Area (acres) 

A Area of Lake Athabasca at level ELAKE 
Routing Period (days) 


L Time period from the start of routing 


AT Routing period used - one day. A period longer than one day 
should only be used for those periods when the water levels 
at the Peace - Quatre des Fourches and Slave - Chenal des 


Rochers are not changing appreciably from day to day. 
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Lteration Counters 
J Jth iteration on outflow determination at fixed lake level 


K Kth iteration of lake level determination 


B/ Lake Athabasca Routing Equations (See Athabasca Delta Project Report #1 


for the actual form of the following functions) 


ie Flow Relationships (open water, natural conditions) 


oT te i (Q,) i.e. G. is a function (Fenoeos Qe 
Qe = FoR (ELAKE, G, ) 
Tp tare tee 
Q, = For (ELAKE, G,.) 
ii. Storage Elevation Relationship 


ELAKE = Fas (S) 
De Area Elevation Relationship 
A= Fir C(ELAKE) 
iv. Changes to Flow Relationships for Outflow Controls 
(a) Weir dams, constriction etc. on the Slave - FOR and 8 
are modified. 
(b) Weirs, dams, etc. on the Riviere des Rochers - For is modified 
(c) Weirs, dams, etc. on the Chenal des Quatre Fourches - POF 
| is modified, 
Mus Changes to Flow Relationships for Ice Conditions 
Possibility #1 - Daily corrections (see Figure 1) 
BWA - Difference between actual winter gauge height and open water 
patos height of Peace-Quatre Fourche ere 
BWB - As BWA but on the Slave-Rochers confluence 


Note: It was assumed BWA = BWB = BW1 = Difference between actual winter 


gauge height and open water gauge height for flow Q of the Peace River at 
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Peace Point gauging station. BWl is strongly dependent on ice thickness 
GN Os9nx ice thickness) during most of the winter season. It is affected 
by Qo and Q to a small degree but this has been neglected. 

BWC - Difference between che Open water gauge height at Peace Quatre 
Fourches confluence and Gp plus BW1 for given Q? Qo QR? Q 

BWD - Difference between the open water gauge height at the Slave 
Rochers confluence and Gp plus BW1 

It was assumed BWC = BWD = BW2 because information was only 


available in the winter for the sum of Q + Qo 


then, G. = For (Q,) + BW1 


Le) 
x 
" 


R (ELAKE, G, + BW2) 


Ey ‘ 
G. = Fon (Q.0,) + BUl 
a= For (ELAKE, G, + BW2) 


This method did not converge in the majority of cases. 
Possibility #2 (see Figure 2) 
If Q. = FoR (ELAKE + BW) 
Q® = FOR (ELAKE + BW) 
under winter conditions, where the new functions are determined for 
ice conditions, then BW is the daily fluctation required to make the re- 
lationships exact on a daily basis. 
vie Determination of Outflow in Chenal des Quatre Fourches and 
Riviere des Rochers Channels from Outflow Relationships 
This procedure can be represented as 
(Q22Q) = PROC (ELAKE, Q? 


That is, given a lake elevation and Peace River flow, the values 


of Qe and Qe are to be determined. 
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Since the Slave River flow is required in the outflow relationships to 
determine water elevations at the two confluences, and since it is initially 
unknown, an iteration technique is required to determine the outflow. Thus 


we have (counter = J)éz 
Qos hepa li reed. target 4 


RJ UCR °S,J- 
p (ELAKE, G, ,) 


QJ “ FQ Ryd 
caere FoR (Qe 72%? 
oF ee Fp (BLAKE, G5) 


sot): 5 Dies See pon dated as bc aa fe Sb 


if not, Q ) /2 (modified bootstrapping) 


Peo or Teor ied 
and Qa J = (QJ + Qa J-1> /2 
Note: €,is an error criterion 
Repeattprocedure incrementing J iby Tmuntii ent Onecriteri0n 1S "satis. ied. 
Note that Q20 and Qo » the initial values, are set equal to the outflows. 
determined in the previous set of iterations. 
vii. Routing Procedure 


The reservoir routing procedure used is also bases on a modified 


bootstrapping iteration (counter = k): 


ye (PROG (ELAKE, rir ) 
wl» 


(Q2 KL? FKL pal 


S Be yh 


2X 1.90 


Rae esa Cher yee Hatis, Teich R Kylee 98s KL 


+ RAINEV) Bi eee 


mean eae = Fs ee 


| ELAKE Ke1,L 7 FAKE gy p| < &2 ? 


If not, ELAKE Riis (ELAKE KL + ELAKE K-1,L2 /2 


€, is an error criterion ( = .005 feet) 
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Note that ELAKE 9 | (the initial estimate at the beginning of each itera- 
> 


tion is assumed to be the lake level of the previous time period L-1l 
i.e. ELAKE) = ELAKE L-1* As previously mentioned, the first initial 
> 
and Q are equal to the outflows of the previous time 
R,L FP 


period. Thereafter, these initial values are equal to the outflows deter- 


values of Q 


mined for the previous value of k. 


POSSIBLE FUTURE REFINEMENTS 


(a) If inflows could be separated with accuracy, the system could 
be divided into 2 or more interconnected lakes with this type of routing 
procedure. 

(b) Binary Search 

If it is found that the modified bootstrapping procedure does 
not converge for ice period simulation because of unstable outflow rela- 
tions, a combination of this procedure and binary search is recommended. 
This algorithm was used by the author on the Gull Lake pump design where 
stepping functions caused non-convergence. 

(c) Weir and Dam Selection 

By proper selection of crest elevation, weir or notch width and 
location(s) it is probably possible to control the lake levels to a satis-—- 
factory degree (see table 1). This could be best ascertained for a given 
design by analysing the resulting hydrographs of lake levels over the maxi- 
mum possible period of simulation with the biological model presently under 
development. It is, of course, possible to integrate the biological model 
into the simulation model directly, and to optimize the biological benefits 
through changes in the design parameters determine by an optimization 
technique. 

(d) Combinations of Controlled (gated) and Uncontrolled Outlets 

If, on the basis of the biological model and channel regime 
studies, it is found that a gated structure is necessary, this routing 
technique can be applied to a combination of control and uncontrolled out- 


lets. The technique has previously been applied under these circumstances 
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to the Pembina River Dam Study, to the Gull Lake Pumping proposals and 
in the CGE timesharing program. 
(e) Net Evaporation 

If net evaporation for actual conditions is determined as part 
of the inflow, some inaccuracy will exist when, during simulation with 
structures, the lake area is appreciably different than it was under na- 
tural conditions for the same time periods. This can be overcome by 
finding the difference in lake areas between that determined by routing 
and that which actually occurred. Then, even though net evaporation is 
poorly known, the overall volumetric error in net evaporation will not be 
large, since the differences in lake areas will be small relative to total 


lake area. 
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TABLE 1 


LAKE ATHABASCA ELEVATIONS IN 1969 WITH CONCRETE WEIRS 
ON THE ROCHE CHANNEL 


(An illustration of the extent to which weirs can raise Lake Athabasca Levels) 


DAY Actual Crest Elevation 680! Crest Elevation 683! 
in 1969 Width 800! Width 700! 

June 1 685.77 685.77 685.77 

July 1 684.97 686.05 686.73 

Aug. 1 684.13 6b5a10 686. 88 

Sept. 1 683.36 685.49 687.00 

Oct. 1 682.59 685,09 686.80 

Nov. 1 682.05 686.71 686.56 

Dec. 1 681.88 684,23 686, 32 

wan. 1 -- 686.09 


Note (a) The outflow formula assumed was Qe = 4,O0W (Lake elevation-crest sieve ehos 


(b) 
because of the restricting effects of ice cover, which were not considered 


in the above simulation. 


Actual levels with the weirs will be slightly higher in December 


2 
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FIGURE 2 
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PEACE RIVER FLOWS & THEIR EFFECT 
Introduction 


Lake Athabasca is drained through two channels, the Riviere des Rochers 
and the Chenal des Quatre Fourches, both of which join the Peace River. 
The Rochers carries 90 percent of the outflow. The volume of water 
draining out of the Lake is in proportion to the level of water in Lake 
Athabasca and to the level of the water in the Peace River. The water 
normally flows north in these channels toward the Peace River, but rever- 
ses its direction of flow when the water level in the Peace rises higher 
than the level of Lake Athabasca. During most spring Floods, the water 
level on the Peace River has risen sufficiently to retard or reverse the 
flow out of Lake Athabasca, resulting in a back-up or storage of water 


in the Lake which, in turn, spills out to flood the Delta. 


If spring flood waters are held in the Lake, the Delta will be inundated. 
If these waters are permitted to flow rapidly out of the Lake, very little 


flooding occurs on the Delta. 
Low Flows on the Peace River 


The cause of low water in Lake Athabasca and the Delta can be largely 
attributed to a reduction in Peace River flows since 1968. Prior to 1968 
the Peace River experienced flood flows averaging 311,000 cubic feet per 
second or greater for 10 days usually in June in the vicinity of the Delta, 
which were sufficient to prevent water from flowing out of the Lake Atha- 
basca and Delta system, and oftne created a southward flow of water which 


added to the volume of water in the system. In December of 1967 the 
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Bennett Dam was closed and the filling of Williston Lake behind the dam 
began. Even though the dam is located some 730 miles upstream from the 
Delta, it effectively controls 50% of the flow in the Peace River at its 
point of influence on Lake Athabasca. During the four years 1968-71 there 
was a net storage in Williston Lake of 50 million acre-feet of water 
(Figure D-1). The actual discharge through the dam during the filling of 
the reservoir is depicted also for the Peace River near Hudson Hope, B.C., 
which is 30 miles downstream from the Bennett Dam. The natural flow at 
Hudson Hope, also shown, was computed from data based upon the operation 
of the reservoir. Clearly, the effect of the closure of the dam has-been 
to capture most of the flow, particularly the large volume of summer run- 
off from the upper regions of the Peace River, allowing only a very low 


flow to pass. 


Flows on the Peace River in the vicinity of the Delta were also monitered 
at Peace Point. A considerable amount of water enters the Peace River 
downstream from the Bennett Dam and the pattern of actual flow at Peace 
Point reflects this additional discharge (Figure D-1). Standard stream- 
flow routing procedures were used to reconstruct the estimated natural 
Flow at Peace Point (see Appendix D-1). Flood flows on the Peace River 
adjacent to the Delta were reduced by as much as 200,000 cubic feet per 
second, and this reduction in flows meant that the river levels were as 
much as 10-12 feet lower than they would have been without regulation. 
The low levels on the Peace River permitted water to flow out of Lake Atha- 
basca much more rapidly than normal during spring and summer. Table D-] 


presents a summary of the Peace River flows and Lake Athabasca outflows 
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for the four years 1968-71 and mean values for the 1960-67 period. 


The bottom graph in Figure D-] depicts the actual level of Lake Athabasca 
and the estimated natural level if the Bennett Dam had not been in exis- 
tence. The difference between the two hydrographs is the estimated ef- 
fect of the Bennett Dam. Without the dam, in 1968 the levels would have 
exceeded 688.0 instead of reaching only 684.5. During 1969 and 1970 the 
natural level would have reached or exceeded 687.0 and during 1971 Lake 
Athabasca should have peaked close to 690 feet. Thus, during the faite 
phase of the Williston Reservoir the water levels of Lake Athabasca re- 
mained an average of 2.5 feet lower than under undisturbed conditions. 
The waters of the Peace-Athabasca Delta underwent similar declines due 


to their relationship with Lake Athabasca. 
THE W.A.C. BENNETT DAM 


The history of the W.A.C. Bennett Dam goes back to 1956, when the Province 
of British Columbia signed an agreement with the Swedish Wenner-Gren firm 
to conduct resource and development surveys in northeastern British Co- 
lumbia, including the upper Peace River basin. A major result of this 
survey was the 1959 Feasibility Report on the Peace River Hydro-Electric 
Project, which indicated the possibility of building two hydro-electric 
generating facilities on the Peace River, just west of Hudson Hope. To- 
gether, the two sites would have a potential electrical output of 3,185 


megawatts of power, equivalent to 44 million horsepower. 


In August 1961, the government of the province acquired ownership of the 
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B.C. Electric Company and the Peace Riyer Power Development Company, 
which had been formed as a result of the Feasibility Report. The newly 
formed Crown corporation, the B.C. Hydro and Power Authority ordered an 
immediate start on the upstream site and designated it the Portage Moun- 
tain Development. This project became the W.A.C. Bennett Dam, the Gor- 
don M. Shrum Generating Station, and Williston Lake. This was the larger 
of the two hydro electric facilities outlined in the 1959 Feasibility 
Report and was constructed with a capacity to produce 2,270 megawatts of 


power (3 million horsepower). 


The Bennett Dam, 600 feet high, creates Williston Lake which has a volume 
of 57,000,000 acre-feet of water. It is one of the world's largest man- 
made lakes, covering an area of 635 square miles, and over 200 miles in 
length. The dam, also one of the largest of its type in the world, con- 
tains some 57,000,000 cubic yards of fill material and is termed a zoned 


earth-fill type of dam. 


The Shrum Generating Station is a large underground powerhouse with an 
ultimate complement of ten generating units, each with a nameplate rating 
of 227 megawatts. At present, seven of the ten units have been installed 
and normal procedure requires five of the units to be in operation at any 
one time. Each unit discharges about 6,000 cubic feet of water per second 
when in operation. In addition to discharges from the generating station, 
water can be released by the W.A.C. Bennett Dam over the main spillway. 
The rate of discharge is dependent upon the reservoir level, but with the 


reservoir at its maximum operating elevation of 2,205 feet, the spillway 
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could pass approximately 250,000 cubic feet per second. 


It took about 53 years to build this power complex, and as construction 
reached the final stages in December of 1967, the dam was closed and the 


upper Peace River came under the control of man. 
Future Flows on the Péace River 
obi ee SEE CRE MCh: 


Because prediction of future precipitation and streamflow is not possible 
with present technology, an assessment of future water levels must be 
based on the assumption that the future will be similar to the past. As 
described in Section C, historical water levels in the period 1960-7] 
have been successfulyy reproduced with a simulation model. This mode] 
permits a manipulation of Peace River flow data so that an assessment 

can be made of the effect of changes in the flow on the levels of Lake 
Athabasca. Therefore, by inserting the anticipated future Peace River 
flow as modified by the Bennett Dam into the model for the years 1960-71, 
it is possible to simulate Lake Athabasca levels which reflect the modi- 
fied Peace River flow. The result is a water level record for a 12-year 
period in the past which illustrates the effect of the Bennett Dam for 


that period. 


Monthly releases in cubic feet per second were provided by the British 
Columbia Hydro and Power Authority for each month of the year. The per- 
centage of the total annual release was determined for each month and 
applied to the mean annual flow for the period 1960-70 to obtain the 


actual flow releases assumed in this study. It was assumed that there 
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would be full utilization of inflow to the reservoir for power genera- 
tion; therefore, no additional flow due to spillway releases was consi- 
dered to have occured during fhe 12-year period from 1960-71 for which 
Lake level hydrographs were simulated. Five-day values were assumed to 
be the same as monthly values except at month ends, where an adjustment 
was made to average the flow volume of a five-day period extending into 


the next month. 


Preliminary estimates covering a range of future releases from the W.A.C. 
Bennett Dam were sent to the federal government in January of 1971 and 
all available estimates including those used in the model are given in 
Table D-2. At some time in the future, these values may be modified by 

a diversion of water into Williston Lake from the McGregor River basin. 
The addition of this water would increase the average annual flow avai la- 
ble at the Bennett Dam by about 18%. The McGregor River diversion has 


not been included in any of the following calculations. 


The effect that the regulation of flows will have on the Peace River is 
illustrated graphically in Figure D-2. The monthly mean flow for June 

will decrease from 145,000 cubic feet per second to 35,000 cubic feet per 
second at Hudson Hope just downstream of the dam. At Peace Point, Alberta, 
a few miles upstream of the Delta, the regulatory effect of the dam wil] 
create an estimated mean June flow of 150,000 cubic feet per second, which 
is some 110,000 cubic feet per second lower than the natural value. This 
difference in flow means that the level of the Peace River in the vicini- 
ty of the Delta will be approximately 10 feet lower in June than it was 


naturally. 
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TABLE D1 Peace River Flows and Lake Athabasca Outflow 
Lake Athabasca 


Peace River Mean Flow Outflow 
5-Day Max. for June during May, June 
Year Flow cfs cfs July acre-ft. 
1960-67 mean 326,000 266,000 3,400,000 
1968 156,000 114,000 11,400,000 
1969 197,000 76,100 14,000,000 
1970 118,000 98,800 11,700,000 
1971 202,000 115,000 10,770,000 


TABLE D2 Peace River Flows 
ALTERNATIVE ESTIMATES OF FUTURE W. A. C. BENNETT DAM RELEASES 


Based on B.C. Hydro & Power Authority Based on B.C, Hydro & Power Authority Used by PADP for 
Letter to Alberta Research Council Letter to Federal Government (January 1971) Base Yr. (average) 

SU gee Dry Sequence Median Sequence Wet Sequence Annual Flow 1960-70 

cfs % cfs % cfs % cfs % cfs % 

Hantiary 2-25-22. 41,300 9.4 32,370 8.4 40,420 8.9 43,580 9.0 45,000 9.4 
BeDrtlany 42254455 40,400 OF 39,140 10.2 46,230 10.1 52,440 10.8 44,000 9.2 
MAC ===. =e 39,700 SO 34,980 Chul 42,640 973 47,360 9.7 43,500 9.1 
AO) 2 ee 37,700 8.6 32,690 8.6 42,230 oS 46,010 9.5 41,000 8.6 
MAY =e 33,200 7.6 27,910 Ts 35,980 7.9 39,790 8.2 36,000 7A 
JUNG Ve 32,500 7.4 27,690 Jae 35,430 Uli 39,640 8.2 35,500 7.4 
PWM 31,400 7.1 27,540 Ue 333/60 7.4 37,420 ey, 34,500 Ue 
AU SNSte oe aS 33,200 7.6 30,510 8.0 35,530 7.8 36,940 7.6 36,000 WAS 
September _______ 36,000 See 34,220 8.9 38,550 8.4 38,070 7:9 39,000 8.2 
MeseDet. 6-28 36,500 8.3 53,120 8.7 33,760 7.4 32,680 6.7 40,000 8.3 
November _______~_ 37,700 8.6 32,300 8.4 35,340 TET. 34,750 Hdl 41,000 8.6 
December ______-_- 39,700 9.0 30,510 8.0 36,870 8.1 36,940 7.6 43,000 9.0 


Annual Average ___ 36,600 100.0 31,915 100.0 38,054 100.0 40,520 100.0 39,875 100.0 
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FIGURE D2 Monthly Mean Discharge on Peace River at Peace Point and Hudson Hope 
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APPENDIX D-1 


PEACE RIVER at PEACE POINT 
ROUTING PROCEDURE 
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Peace River at Peace Point 


Routing Procedure 


Estimates of natural flow (daily values) for Peace River at Peace Point 
were made by routing flows from Hudson Hope down to Peace Point. Because of 
regulation by the Bennett dam, Hudson Hope flows were developed by using the 
storage-volume curve for Williston Lake (Portage Mountain Development, Report 
Serial No. 548, Figure 2, Drawing No. 1006-C14-A97, July 1970) and applying 
recorded mean daily elevations every fourth, fifth, sixth or seventh day. 

The net change in storage for each four, five, six, or seven day period was 
deemed to represent the net mean inflow or outflow for that period. By 
adding or subtracting the mean daily flows to the recorded flow at Hudson 
Hope, natural flow for Hudson Hope was estimated. 

The following tributaries were used to generate the flow for Peace 
Point: 

Halfway River near Farrell Creek 

Pine River at East Pine 

Beatton River near Fort St. John 

Smoky River at Watino 

Wabasca River above Junction Peace River 68, 69, 70 

Wabasca River at Wadlin Lake Road 70, 71 
By summing the daily flows for Hudson Hope, Halfway River, Pine River and 20 
percent of Pine River to account for local inflow an estimate for Peace River 
at Taylor was obtained. To the flow at Taylor, flows for Beaiton River near 
Fort St. John were added. Eighty and twenty percent of this total were 
lagged for 1 and 2 days respectively. This procedure is based upon the 
method of successive averages. Daily flows for the Smoky River plus 40% of 
the flow (to account for local inflow) were added to the lagged values to 


give an estimate for Peace River at Peace River. Peace River at Fort Vermilion 


is estimated by lagging Peace River at Peace River by 2 days, no local inflow 
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is assumed. The Wabasca is added to Fort Vermilion flows and then lagged for 


2 days to provide the estimate for Peace River at Peace Point. 


Method of Successive Averages 

The procedure used was developed by Tatum* and Is a arbitrary weighting 
system which assumes that there Is a point downstream from a station where a 
discharge at time t2 is equal to (1) + 19)/2. 

To produce outflow at a specific point downstream, coefficients for 
successive inflows are selected by trial and error using actual inflow and 
outflow hydrographs as a test. Tatum had produced original sets of 
coefficients, in groups of 1 to 10, each group summing to 1. The number of 


coefficients used depended upon the number of routing steps within the reach. 


Points to consider in the use of these predictions. 


1. The routing method was tested for the years 1966 and 1967 while unregulated 


flows at Hudson Hope were available, while natural Fiore for Hudson Hope 
had to be developed from the storage relationship for Williston Lake. 

A comparison of the recorded vs the calculated values of flow for Peace 
Point 1966 and 1967, shows some discrepancy of peak values. But the major 
differences are not those of flow magnitude but rather that of the time 
of occurrence. 

2. While the lake levels for 1968, 1969 and 1970, are tsean daily values, 

instantaneous values had to be used for 1971. These have created a 
situation whereby the change in elevation between each time period can 


translate into a flow (mean) which can be considered unrealistic for 


*Tatum, F.E., A Simplified Method of Routing Flood Flows through Natural 
Valley Storage, unpublished memorandum, U.S. Engineers Office, Rock 
Island, I11., May 29, 1940. 


D16 


the time of year. 

3. Where incomplete records exist, as in the case of the Wabasca River, 
estimates for the missing data have been included in order to provide 
a "'complete'' record. This situation occurred In 1969 and 1970 and the 
days involved have been marked as estimates. 

h. Because of the use of 4, 5, 6 and 7 day mean values, to estimate natural 
flow at Hudson Hope, the routed Peace Point flows have tended to be grouped, 
particularly for the lower flows, where there is little change in day to 


day flows. 
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FUTURE WATER LEVELS 


The estimated changes in the Peace River as outlined in Section D, have 
been translated into levels of Lake Athabasca and in Figure E-1| the re- 
sulting hydrographs are presented. One hydrograph illustrates the simula- 
ted Lake levels as they actually occurred from 1960 to 1971. The other 
hydrograph shows the simulated Lake levels which would have resulted if 
the Bennett Dam had been fully operational since 1960. The four-year per- 
jiod 1968-71 contains a third hydrograph which is a simulation of Lake lev- 
els without the effect of the dam, and is therefore an estimate of the 


natural water level. 


A comparison of these two hydrographs illustrates the considerable inf lu- 
ence regulation of the Peace River flow exerts on Lake Athabasca levels. 
During the years 1960 to 1967, prior to regulation, peak levels during the 
early summer ranged from E. 689.0 feet to El. 691.0 feet. These peaks are 
reduced by about | to 3 feet as a result of flow regulation, while minimum 
lake levels which occur during the early spring are increased by From Is 
feet. This is the expected general result of flow reaulation since the 
decrease in spring flows in the Peace River allows increased outflow from 
Lake Athabasca, and the increased low winter flows impede outflow from the 


lake. A summary of these differences is presented in Table E-1. 


The years 1968 to 1971 illustrate the difference in lake levels between 
the fully regulated condition and the transitional regulated condition 
during the filling of the reservoir and the staged installation of the 


generation units. The degree of severity of the transition condition is 


Ed 


air 


clearly shown, with lake levels of up to 2 feet lower than for the 


expected future long-term regulated condition. 


Figure E-2 presents the hydrographs of mean Lake levels under both natu- 
ral conditions and the modified conditions due to the Bennett Dam for the 
12-year period 1960-71. Under the modified regime Lake levels are consi- 
derably lower during the summer months and peak Lake levels average two 
feet lower than the natural levels. A statistical analysis (Figure E-3) 
of the peak Lake levels confirms that the levels of the modified regime 
will produce a considerably different and lower flooding mechanism on 


Lake Athabasca and the Delta. 


EFFECTS ON CHANNEL REGIME 


The channel network linking Lake Athabasca and the Peace River has been 
formed as a result of the external hydraulic conditions imposed 

upon it and as these conditions change the channels will tend to adapt 
to new conditions. Construction of the W.A.C. Bennett Dam on the Peace 
River and subsequent regulation of the Peace River flows has resulted in 
a significant change in the regime conditions for the Athabasca Delta 
network. Peak river stages and discharge have been considerably reduced 
and, since the bulk of sediment transport is associated with high dis- 


charge, sediment load has also likely been decreased. 


The delta channels have, in general, been cut through silt or fine sand 
and silt material. Scour velocities for material of this type normally 


range from 2 to 3-} feet per second, but the degree of scouring and 
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sediment transport greatly depends on channel geometry and also flow 
characteristics. Also of significance in the regime conditions of the 
channels is the presence of highly resistant geological forms such as 
the bedrock ridges which are known to occur at the rapids on the Riviere 


des Rochers. 


In order to obtain a preliminary assessment of the influence of these 
changes, together with the effects of subsequent control of the lake 
stages through control structures on the Slave River or on the Riviere 
des Rochers, channel velocities for the Chenal des Quatre Fourches were 
determined. Average channel velocities in the Quatre Fourches for the 


two years 1961 and 1965 have been determined for the following conditions: 


1) Recorded Peace River flows with no structure. 
2) Regulated Peace River flows with no structure. 
3) Regulated Peace River flows with a gated control structure in the 


Riviere des Rochers and the gates open. 


Figure E-4 and Figure E-5 illustrate the channel velocities estimated 


to have occurred during these years. 


The first condition represents the situation prior to construction of 

the dam and is used as a reference from which the influence of the regime 
changes can be gauged. Regulation of the Peace River flows without any 
remedial control measure results in lower flow velocities both for dis- 
charge directed from the lake toward the Peace River and in the reverse 


direction. For the two years investigated, flow reversal occurred for 
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the same number of days (55 days in 1961, and 80 days in 1965) under 
both the recorded and regulated flow conditions, but during different 
time periods. The average and maximum velocities tn the Chenal des Quatre 


Fourches for the two Peace River flow conditions are compared in Table E-2. 


Although flow velocities for the condition of regulated Peace River flows 
are considerably reduced, this factor would be offset by both the antici- 
pated decrease in sediment recharge from the Peace River and by lower 

flow depths. Examination of peleciiies at the downstream (Peace River) 
end of the Chenal des Quatre Fourches indicates maximum outflow velocities 
to be slightly higher in 1961 and slightly lower in 1965 under the regu- 
lated flow condition than for the natural condition. It is therefore 
concluded that some scouring of the channel under regulated Peace River 
flows with no structure may occur but this is not expected to be excessive 
and would most probably be concentrated at the Peace River end of the 


channel. 


A much greater degree of scouring on the Chenal des Quatre Fourches is 
anticipated for the condition of regulated Peace River flows with the 
Riviere des Rochers gated control structure operated with gates fully open. 
Average and maximum velocities for this condition are included in Table E-2. 
Reverse flow velocities are considerably reduced and occur for a much shor- 
ter period of time (20 days in 1961 and 40 days in 1965) than for the natu- 
ral condition. Velocities are substantially larger for flows directed 
toward the Peace River. Maximum velocities at the Peace River confluence 


are 5.8 and 5.3 feet per second compared with velocities of 3.2 and 3.4 


ED 


feet per second for the years 1961 and 1965 respectively under conditions 


prior to regulation, 


Scouring of the channel with a control structure on the Riviere des Ro- 
chers is therefore anticipated unless resistant geological formations are 
encountered. Initially this scouring would probably be concentrated at 
the downstream end of the channel at the Peace River confluence, but would 
gradually proceed upstream along the channel with a progressively reduced 
intensity. Over a period of time the discharge capacity of the channel 
would be increased as the result of this scouring and the effectiveness of 
the control structure on the Riviere des Rochers to increase lake stages 
would be somewhat reduced. However, the degree of scouring anticipated 
should not be sufficient to enlarge the channels to an extent such that 
the effectiveness of a control structure on the Riviere des Rochers would 


be seriously impaired. 


Although the Revillon Coupe channel was not examined in detail, random 
velocity calculations indicate velocity conditions similar to those en- 
countered on the Chenal des Quatre Fourches. Maximum velocity at the 
Peace River end of this channel, however, did not appear to be above 4 
feet per second under the conditions of regulated flow with the Rochers 
gated control structure. Higher lake stages than those encountered with 


this structure would tend to aggravate the scouring condition. 


Regime conditions with the control structures on the Slave River were not 
examined in detail, but this condition is very similar to the natural 


condition except for the reduced inflow of sediment laden water from the 
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Peace River. 


Hence, only limited scouring is anticipated. 
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TABLE E 1 _ Differences in Lake Athabasca Levels* Between 
the Natural and Modified Regimes 


Natural Modified 
Lake Level Lake Level 
1960-71 1960-71 
May 21-30 (10 day mean) 685.4 686.5 
Max. Level (5 day mean) 689.4 687.6 
Time of Max Level July 15-19 July 5-9 
July 11-20 (10 day mean) 689.0 687.0 
Aug. 9-13 (5 day mean) 688.7 686.9 
Sept. 23-Oct. 2 (10 day mean) 686.6 685.6 
Oct. 13-17 (5 day mean) 686.0 685.3 
Mean Summer Level 687.9 686.8 


(May 16-Aug. 13) 


“All levels based on simulation model results, and i i 
above mean sea level (GSC datum, 1968 revision) ore..given. In. feet 


PAB CEE = 2 CHENAL DES QUATRE FOURCHES - VELOCITIES IN FT/SEC 


Year/Condition Flow Toward Peace R. Flow Toward Lake Athabasca 
Average Max. Average Max. 

~ 1961 

Recorded Peace R. flow 

No Structure 1.36 2.42 1253 2.58 

Regulated Peace R. flow | 

No Structure 1.12 1.96 0.61 1.04 

Regulated Peace R. flow 

Rochers Gated Structure 

Gates Open 1.61 2.84 0.79 0.96 

1965 

Recorded Peace R. flow d 

No Structure 1.50 2200 1.30 2.46 

Regulated Peace R. flow 

No structure 1.22 2ios 0.77 1.61 


Regulated Peace R. flow 
Rochers Gated Structure 
Gates Open 1.70 3.08 0.98 1.50 
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LEGEND: 


Observed lake levels 

==-==-= Estimated lake levels assuming no effect by Bennett Dam 1968 to 1971 
Modified lake levels assuming full operation of Bennett Dam 

All Hydrographs derived from computer simulation model 

pease en Approximate average annual lake level (1930 to 1970) 


NOTE: Observed levels 1968 to 1971 occurred during the initial filling of Williston Lake 
and hence are lower than the modified levels. 


FIGURE E-1 Lake Athabasca Hydrographs, showing observed, modified, and average water levels 
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FIGURE E2 Mean Lake Levels (1960-71) for Lake 
Athabasca, natural and modified regimes 
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FIGURE E3 Frequency Analyses of Peak Lake Athabasca Levels, 
natural and modified regimes 
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STRUCTURES FOR WATER LEVEL CONTROL 


DESCRIPTION OF ALTERNATIVE SITES 

As discussed in Appendix Q, various locations were considered for 
providing hydraulic control of the Peace-Athabasca Delta Region. The 
following sites were chosen by reconnaissance as appearing favorable for 


structures and these have been shown on Figure F-1. 


Site 1 - is located on the Slave River about 5-1/2 miles downstream 
of its confluence with the Riviere des Rochers, and immediately 
upstream of a rapids section of the river. Site drilling has 
indicated that the eastern half of the river channel and abutment 
is bedrock which dips steeply to the west so that the western 
portion of the channel is in overburden. There is an extensive 
outcrop of rock near the east bank which appears favorable as a 


quarry for a rockfill dam or for concrete aggregate. 


Site 2 - is located on the Riviere des Rochers about 10 miles 
upstream of its confluence with the Peace River, about 6-1/2 miles 
downstream of its confluence with the Revillon Coupe and about 15 
air miles north of Fort Chipewyan. It is immediately upstream of 
a rapids section. Site drilling has indicated a bedrock channel 
and there are extensive outcrops of bedrock on both sides of the 


channel. 


Site 3.1 and 3.2 - are located on the Revillon Coupe about 15 air 


miles northwest of Fort Chipewyan. Site 3.1 is about midway along 
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the course of the Revillon Coupe, and Site 3.2 about 2 miles further 
downstream. Sites have been chosen where there are bedrock outcrops 
on both sides of the channel. At Site 3.1 the channel is narrower 
than elsewhere on the Revillon Coupe with bedrock on the west 
abutment and apparently only a thin veneer of silt on the east 


abutment. No site drilling has been done. 


Site 4.1 and 4.2 - are located about 14 air miles northwest of 


Fort Chipewyan on the Chenal. des Quatre Fourches. Site 4.1 is about 
7 miles upstream of the confluence with the Peace River and Site 4.2 
is about 3 miles further upstream. Bedrock is evident at both sites 


on the left bank only. No site drilling has been done. 


Site 5 - is a complex network of looping channels located near the 


Lake Athabasca end of Riviere des Rochers, about 6 air miles from 
Fort Chipewyan. No detailed consideration has been given to 


locating dumped rockfill or a gated control structure at this site. 


A geotechnical survey was undertaken in 1971 by R. M. Hardy & Associates 
Ltd. to determine the nature of the abutments and river channel, and to 
locate sources of construction materials. The study was based on air 


photo interpretation and a field survey, and is described in Section Q. 
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SITE INVESTIGATION 


Program by Gepac, Stanley & Associates Ltd. 


The purpose of the drilling program was to establish the foundation 
conditions in the river channels at Site |] on the Slave River and Site 2 
on the Riviere des Rochers, in order to develop the conceptual design, 
and preliminary capital cost estimates for the alternative hydraulic 
control structures. Holes were also drilled on the west bank of the 
Slave River at Site 1 to establish the type of material to be excavated 


and foundation conditions for a navigation lock at this location. 


The program was carried out from March 13 to 29, 1972, so that the river 
holes could be drilled off the ice. The drilling guidelines stated that 
the holes should be drilled through the overburden and about two feet 
into sound rock, or a maximum of 20 feet into overburden. The location 
and details of the actual holes drilled are shown on Figure F-2 and 
Figure F-3. As shown on Figure F-2 some holes on the west bank of the 
Slave River in the region of the proposed navigation lock were drilled 
to the approximate E1.665. Soil samples were recovered about every five 
feet in the overburden and sample chippings of rock were also recovered 


for visual description and a limited program of testing. 


Drilling was carried out with a sled-mounted Heli-drill. The drill was 
easily moved and functioned well, causing no delays for maintenance. 
The drill utilized a tri-cone bit and air pressure to clear the hole. 


This system was satisfactory on dry land sites but necessitated the use 
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of casing when drilling on the river. The samples obtained were disturbed 
but adequate for soil type identification. Rock samples were pulverized 
with the size-of.chips ranging,from 1/8" to 1/2". ..The major difficulty 
encountered in the actual drilling procedure was the setting of casing 

in the river bottom sand. The casing would sink into the sand when the 
bit passed beyond the foot of the casing thus necessitating the drill 


stem to be removed and additional casing to be set. 


The equipment was moved to both sites, overland, and the drilling crew 
and supervisor were transported to the site each day by air. The support 
equipment for the drilling was a gasoline powered Bombardier. This 
machine was used to move the drill rig on the ice, for shelter and to 
haul fuel. Although this machine worked well a heavier diesel model 
would have been more useful and probably could have pulled the drill rig 


over the river ice eliminating the overland move to Site 2. 


Access was obtained from the winter road by cutting through the bush 
consisting of larch and willow trees, with a crawler tractor. The 


crawler operator could not see over the trees and needed guidance. 


The state of the river ice was a constant concern with thickness varying 
daily and the winter road which was used for access was closed to traffic 


the day after the equipment was moved out. 


The drilling program was completed successfully, without any serious 
problem. The average daily production was about 4-5 holes and the 


program was completed in the 16 days from March 13 to 29, 1972. 
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Meaningful data was collected from all holes drilled and such data 

together with the results of limited testing have been presented in Table 
F-1] and Table F-2. The results of the drilling program were adequate to 
establish the location of concrete structures on bedrock, and the extent 


of overburden. 


The surveyed location, elevation, depth to rock, and hole depth are shown 


in Figures F-2 and F-3. 


Recommendations for Further Investigation 


Further drilling and soil testing of overburden will be required at the 
site of the selected alternative to confirm either bedrock, over the 
limits of the structure foundation, or the properties of the overburden 
as a foundation for rockfill or navigation lock foundations. The scour 
potential of the overburden will need to be investigated so that adequate 


protection can be provided if required. 


Additional surveys will be required at the site selected for further study, 


including bank profiles in the vicinity of the structure site. 


A drilling program similar to the program carried out at Site 1 and Site 2 
should be considered for Sites 3.1] and 3.2 on the Revillon Coupe and 

Sites 4.1 and 4.2 on the Chenal des Quatre Fourches for completeness. 
However such a program would be difficult to justify since it appears 
unlikely as a result of the present study that a hydraulic control will | 


be required at these sites. The main reason for proceeding with a 
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program would be preparedness for reasonably quick action if excessive 
erosion of these channels does begin to occur. The best time to do the 


drilling is during the freeze-up period, working off the ice. 


Topographic mapping of the delta region would be a desirable aid in the 
determination of the effectiveness of the hydraulic controls to recreate 
the annual variable flooding pattern over the delta region, provided the 
relatively high cost can be justified. The suggested practical contour 
interval is 4 feet with accuracy for interpolation of a plus or minus 2 


feet and spot levels to 1 foot accuracy, plotted at a map scale of 1:5000. 
DESCRIPTION OF HYDRAULIC CONTROL STRUCTURES 
General 


The hydraulic studies indicated that control structures, if required, would 
be located either at Site 1 on the Slave River or at Site 2 on the Riviere 
des Rochers. Lake level hydrographs were simulated for alternative control 


schemes, two on the Slave River and three on the Riviere des Rochers. 


Preliminary site reconnaissance indicated rock outcrops at both Site 1 and 

Site 2. Therefore extensive use has been made of dumped rock to be 

blasted from nearby quarries. Concrete structures are provided only where 

support is required for hydraulic control gates and for the navigation 

lock structures. The quarries also provide a source of rock for processing 


aggregate. 


The conceptual designs for gated control structures have indicated the 
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use of radial gates. However if a gated hydraulic control is selected 

for further study, fixed wheel gates with an above deck hoist structure, 
and steel stoplogs, with an above deck gantry frame and stoplog follower 
should also be considered in detail. Steel stoplogs may show some initial 
economy but would provide a cumbersome operating procedure. Fixed wheel 
gates may be appropriate for the extreme winter conditions, since heating 


and protection can be more easily accomplished. 


Site No. 1 is located on the Slave River approximately 5-1/2 miles 
downstream of its confluence with Riviere des Rochers as shown on Figure 
F-2. Preliminary site drilling results indicate that the river bed 
material consists predominantly of bedrock in the eastern half of the 
river channel cross-section at the site. The bedrock appears to dip 


steeply towards the west bank with overburden of mainly silty-sand material. 


Site No. 2 is located on the Riviere des Rochers about 10 miles upstream 
of its confluence with the Peace River as shown on Figure F-3. The site 
drilling program has indicated that the river bed at this location is 


bedrock with only traces of overburden. 


Generally, the dumped rockfill cross-sections are based on the practical 
shape which would have taken place as the result of dumping rock into 
flowing water. The suggested method of construction is designed to make 
maximum use of smaller sized material, resulting from the quarry operation, 
although the blasting pattern should be designed to produce large rock of 


the order of 2 to 4 feet. 
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All the alternative schemes proposed for the level control of Lake 
Athabasca consist wholly or partly of rockfill structures. Since 
construction of these structures in a dewatered channel is not practical 
they will have to be built by dumping rockfill into the open water. 
Generally in this type of construction the critical situation occurs 
only at the final stage of river closure. Fortunately, in all the 
alternatives under consideration the final closure situation will not 
occur because in each case a considerable portion of the cross-sectional 
area of the river channel will remain open for passage of flow during 
construction of the rockfill structure and therefore the flow velocity 


will not be greatly increased. 


The required rockfill is assumed to be obtained by quarrying at a location 
near the damsite. It is proposed to incorporate a maximum quantity of 
quarry-run rock in the main body of the dam to reduce the quantity of 

the larger rock sizes. In addition to providing a less permeable structure 
the quarry-run core will also increase the stability of the downstream 


slopes through reduction of percolation and percolation pressure. 


Slave River - Alternative IA 


Rockfill Constriction with Navigation Lock 


The general arrangement and details of this alternative are shown on 


Figure F-4. 


The arrangement of this alternative is basically similar to the notched 


weir suggested previously in a report by the Alberta Water Resources 
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Division. The weir opening has been moved closer to the east bank so 

that the bevaatars waterway will line up with the main river channel. 

In addition, a navigation lock is provided on the west bank to maintain 
the barge traffic during open water season. This was considered necessary 
because the flow velocity through the constriction may exceed 20 fps. 

The velocity should not exceed 10 fps, for the safe maneuvering of barges. 
With this arrangement the barge traffic would be re-routed to the west 


side channel downstream of the structure. 


The navigation lock has been sized to accommodate the most likely 
formation of barges and a towboat passing through the lock, based on 
consultation with navigation personnel experienced in these waters. 

Steel sheet piling is proposed for the lock chamber walls since 
preliminary drilling at the site indicated overburden materials in excess 
of 50 feet in depth on the west bank. The chamber floor is protected by 
a thick blanket of filter material and lateral support is provided by tie 
rods behind the walls and a system of concrete floor beams and horizontal 


struts. 


Mass concrete structures for gates are provided at both ends of the lock 
chamber. The lock is equipped with miter gates which in the open position 


fit into wall recesses. 


The upstream and downstream approach channels are to be excavated in the 
overburden materials and the exposed surfaces are to be armoured by heavy 


rip-rap. 
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The estimated capital cost of this alternative is $12,800,000 and details 


of the estimate are presented on Table F-3. 
Slave River - Rockfill Constriction - Simulated Lake Levels 


The simulated lake hydrograph for the condition of regulated Peace River 
flow with a constriction across the Slave River immediately downstream 
from the Slave-Peace-Rochers confluence is illustrated in Figure F-5. 
This structure raises the Slave River stages, both during high and during 
low river discharges, but to a much greater extent during high river flows. 
These high stages result in increased inflows to Lake Athabasca from the 
Peace River and combined with reduced outflows from the lake produce 
higher lake stages. Peak lake levels for the years prior to regulation 
(1960 to 1967) vary from 1/2 foot lower to 1-1/2 feet higher than for the 
natural conditions and are appreciably higher than the regulated, 
no-structure condition during the transition years from 1968 to 1971. 
Peak lake stages for the years 1960 to 1971 with the Slave River 
constriction and regulated Peace River flows vary from E£1.688.8 feet to 
E1.692.5 feet, except during 1970 when the peak was only 685.6 feet. 

This low peak stage in 1970, despite the effect of the constriction , is 


indicative of a below average runoff period. 


Although the peak lake levels are increased to natural or slightly above 
natural conditions by the Slave River constriction, low water stages are 
also increased by up to 3 feet. Minimum lake stages with the constriction 
vary from E1.683.4 feet to E1.687.1 feet. If lower minimum levels are 


required additional discharge capacity through the constriction is 


necessary, and if similar peak lake stages are to be maintained this 


additional capacity must be gated. 


Slave River - Alternative 1B 


Gated Concrete Structure with Navigation Lock and Fish Facility 


The general arrangement and details of this alternative are shown on 


Figure F-6. 


Specifically this alternative calls for the complete closure of the 
waterway by a combination of rockfill and concrete gated control 
structures with provision for navigation and fish passage. The spillway 
consists of 10 openings each controlled by a 50 foot wide by 27 foot high 
radial gate. A concrete decking is provided across the top of the gate 


piers. 


The navigation lock is located near the east bank. Concrete gravity 
walls are proposed for the lock chamber taking advantage of the rock 
foundation which also forms the chamber floor. The gate bay arrangement 
is similar to those proposed for Alternative IA. A concrete guide wall 
extends upstream from the riverside lock wall also forming part of the 
fishway. The specific requirement for fish facilities is not yet known, 


hence the fishway provided is based on arbitrary assumptions. 


The estimated capital cost of this alternative is $20,900,000 and details 


of the estimate are presented on Table F-4. 


Fl 
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Slave River - Gated Structure - Simulated Lake Levels 


Lake stages were simulated for the condition of regulated Peace River 
flows with the control structure gates fully open for the entire 
simulation period. The resulting lake hydrograph is presented as 


Piguresr-j,. 


The simulated peak lake stages are up to 5-1/2 feet higher than for the 
natural, unregulated condition with no structure, and are up to 4 feet 
higher than levels simulated with the Slave River constriction. Peak 
lake stages range from a high of E£1.696.0 feet in 1965 to a low of 
E1.689.8 feet in 1970. It should be noted that although stages of 
E1.695.0 feet or higher are simulated by the computer model, stages of 
this magnitude exceed the reliable simulation limits of the model and in 
fact are virtually impossible in nature since the entire delta area and 
the Peace-Slave river valley would be inundated. No provision was made 


for this situation in the computer model logic. 


Winter lake stages as shown on the simulated lake hydrograph are also 


correspondingly high and range from E1.687.4 feet to E1.690.7 feet. 


Clearly, the discharge capacity of the structure as envisaged is 
insufficient since even with the gates fully opened such high lake stages 
result. This indicates the need for non-gated discharge capacity in 
conjunction with the gated control rather than additional gated area. A 
combination of gated control together with a rockfill weir or constriction 


would provide adequately high peak lake Stages, and also permit 
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sufficiently low minimum lake stages with a degree of flexibility of both 
peak and minimum, within the limitations of the gated area of the control. 
Riviere des Rochers - Alternative 2A 

Rockfill Constriction 

The general arrangement and details of the alternative are shown on 
Figure F-8. Basically this alternative is almost identical to the 


notched weir which provides a partial river closure as suggested in the 


report by the Alberta Water Resources Division. 


The cross-section of the dump rockfill structure has been modified to be 


consistent with the suggested construction methods. 


The axis of the structure has also been shifted slightly to minimize the 
quantity of rockfill. The estimated capital cost of this alternative is 


$950,000 and details of the estimate are presented in Table F-5. 
Riviere des Rochers - Rockfill Constriction - Simulated Lake Levels 


A constriction across the Rochers channel provides a direct restriction 

to outfiow from Lake Athabasca and, unlike the control on the Slave River, 
the effectiveness of the scheme depends mainly on the inflow to the Lake 
from the surrounding catchment, rather than on the Peace-Slave river 
discharges. The simulated lake hydrograph for Rochers constriction and 


regulated Peace River flows is shown on Figure F-9. 


Peak lake stages are similar to, but generally slightly lower than those 


achieved by the Slave River constriction, except for the 1965 peak which 
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is 1 foot lower and the 1970 peak which is 2 feet higher than the 
corresponding peaks for the Slave constriction simulation. The higher 
1970 peak indicates that the below average runoff period previously 
noted for this year affected the Peace River flows more severely than 
the direct inflows to Lake Athabasca. The Rochers structure was 
therefore more effective in increasing the peak lake level than the 
Slave River constriction during this year. Peak lake levels for the 12 
year period with the Rochers constriction vary from E1.687.7 feet to 


E1.691.4 feet. 


The major difference between the Rochers and Slave constrictions as far as 
Lake Athabasca levels are concerned lies in the yearly recession limb of 
the lake hydrograph. With the Rochers constriction high lake stages are 
maintained for a longer period each year and the recession to low winter 
levels is much more gradual. Minimum lake stages are from 1/2 foot to 

1] foot higher than is the case with the Slave constriction. If lower 
winter lake stages are required with the indicated peak lake levels still 
maintained, gated control must be used in combination with the constriction. 
Minimum lake levels range from E1.684.6 to E1.687.0 feet except during 
1960 which is not considered representative because the lake elevation 
imposed to initiate the simulation sequence was set at E1.683.7. 
Riviere des Rochers - Alternative 2B 

Rockfill Weir 

The general arrangement and detail of this alternative are shown on 


Figure F-10. 
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This alternative is essentially the same as the submerged rock weir across 
the entire river channel as suggested in the report by the Alberta Water 


Resources Division. 


The cross-section of the rockfill is based on the stable shape of rockfill 
dumped into the flowing river from a barge or aerial cableway. A special 
temporary fill or cribbing will be required for some end tipping of 


submerged fill. 


The estimated capital cost of this alternative is $390,000 and details of 


the estimate are presented in Table F-6. 
Riviere des Rochers - Rockfill Weir - Simulated Lake Levels 


The proposed structure is located at the same site on the Riviere des 
Rochers as the rockfill constriction and has a similar effect on the 
lake levels. The simulated lake hydrograph for the condition of regulated 


Peace River flow is presented in Figure F-Il1. 


The hydrograph demonstrates the same general characteristics as those 
depicted by the Rochers constriction, except that lake levels are 
generally from 1/2 to 1 foot lower in the case of the rockfill weir. 

Peak lake levels vary from E1.687.4 to £1.690.4 feet and minimum lake 
levels from E1.684.0 to E1.687.0 feet. The same general comments on the 
hydraulic effectiveness which were made for the Rochers constriction also 
apply to this structure. If higher peak lake stages are required either 
a shorter weir crest length or a higher crest elevation, or both, would 


be required. This, however, would also result in higher winter lake levels. 
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Riviere des Rochers - Alternative 2C 

Gated Concrete Structure and Rockfill Jam 

The general arrangement of structures and the typical sections for this 
alternative are shown in Figure F-12. In addition to the concrete gated 
structure a rockfill dam is provided to close off the remaining portion 

of the river channel cross-section. The spillway is designed to discharge 
about 62,000 cfs at a forebay level of E1.690.0 feet, controlled by 

six-50 foot wide by 22 foot high radial gates. Consideration has also 


been given to the condition of reverse flow when designing the structures. 


The estimated capital cost of this alternative is $5,500,000 and details 


of the estimate are presented on Table F-7. 


Riviere des Rochers - Gated Structure - Simulated Lake Levels 


This structure is located at the same site as both the rockfill weir and 
the rockfill constriction. The lake stages, as simulated with Option #1! 
of the model, are almost identical to those resulting from the simulation 
with the Rochers constriction for the condition of regulated Peace River 
flow and control gates fully open. The simulated lake hydrograph is 
illustrated on Figure F-13 which includes simulation runs using both 


Option #1 and Option #2 of the model. 


Lake stages simulated with Option #2 are from 1/2 to 1 foot lower than 
those simulated with Option #1. Although the two options yielded very 
similar results during the calibration runs, the higher lake stages 


imposed by the Rochers control structure increases discharge through the 
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Revillon Coupe and this change can only be accounted for by using Option #2 
where the Revillon Coupe channel is treated as an individual segment of the 
network. Thus, all lake stages simulated using Option #1 with control on 
the Rochers will be somewhat too high depending on the degree of control 
and the resulting extent of the increase in lake stages. This is clearly 
demonstrated by the results of the simulation of lake levels using both 
options for the case when the control gates are closed for a given period 
each year. As shown on Figure F-14, when the control gates are closed 

from May 26 to August 13 each year the levels simulated by Option #2 are 


from 1 to 1-1/2 feet lower than those simulated by Option #l. 


Closure of the control gates for the selected time period results in an 
increase in peak lake levels of from 4 to 5 feet with minimum lake levels 
also increased by from 1 to 1-1/2 feet. These two conditions, gates 
fully open and gates closed from May 26 to August 13, demonstrate the 
degree of control and flexibility of lake levels which could be achieved 
by a gated control structure on the Rochers. Any desired lake stage 
between the limits imposed by these two conditions could be obtained by 
shortening the time period of gate closure. Similarily, higher lake 
stages, if desired in any one year, would be obtained by lengthening the 
closure period. An important consideration in respect to the higher lake 
stages however, is the tendency for the peak lake stages to occur later 
in the summer than they would under natural conditions. This situation 
is more pronounced the higher the lake stages become, and is more apparent 


with control on the Riviere des Rochers than with the Slave River control. 
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Winter lake levels with the gated control structure are considerably 
higher than those under natural conditions, and if lower winter levels 

are desired greater discharge capacity is necessary. As with the Slave 
River control, a combination of gated and non-gated control would provide 
the most effective regulation. The non-gated control must be sufficiently 
constricted to yield desired peak lake stages and combined with sufficient 
gated area to provide adequate discharge capacity to achieve the desired 
winter lake stages and to provide a sufficient degree of control 


flexibility. 


ROCKFILL CONSTRUCTION METHODS 


General 


A considerable amount of analytical and experimental work has been done 
on various problems relating to the construction of rockfill dams in 
flowing water or to rockfill dams subject to passage of water through 
and over the structures, with the major efforts concentrated on the 
consideration of rockfill cofferdams for the purpose of river diversion 


during the construction period. 


When rockfill dams are constructed in flowing rivers two major methods 
are normally used: firstly by tipping from barges (or aerial cableways) 
to raise the level of the dam equally across the whole length of the 
structure (the barge-dump method), and secondly by tipping from each 
bank to the full height of the dam, gradually pushing the two arms to 


meet each other (the toe-dump or end-tip method). 
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Barge Dumping 


There are four distinct phases evolved in the process of dumping as 
defined by the cross-section profiles progressively adopted by the 


dumped material. Refer to Figure F-15. 
Phase | 


During this phase the dumped rockfill has a triangular cross- 
section as shown on.Figure F-15(a) and the only difference between 
this shape and that obtained by dumping rockfill into still water 
is the displacement downstream relative to the line of dumping. As 
the dumping continues the upstream level rises with a consequent 
increase in the hydraulic drop across the dumped rockfill, and the 
velocity of flow over the structure increases. When the velocity 
reaches a certain critical value the freshly dropped portion of the 
rockfill begins to roll down the downstream slope thus marking the 


end of the Phase 1. 
Phase 2 


During this phase dumping of rockfill results not in an increase in 
height of the fill, but in its elongation and the shape of the 
rockfill changes into a trapezoidal one as shown on Figure F-15(b). 
This phase continues until the mean flow velocity reaches a value 


which causes the rockfill to be carried downstream. 
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Phase 3 


During this phase any increase in height will also increase the 
velocity resulting in newly deposited rockfill being entrained by 
the flowing water and carried downstream to form a flat downstream 
slope. Hence continuous dumping of rockfill results in both 


elongation and elevation of the structure as shown on Figure F-15(c). 
Phase 4 


This phase may be considered to begin when the elongation of the 
structure ceases and any further dumping of rockfill results in an 
increase in height without any increase in length. A cross-section 
approaching triangular shape builds up on the structure formed at 


the end of Phase 3 as shown on Figure F-15(d). 


Many cofferdams have been successfully constructed in flowing water by 
dumping rockfill from barge or cableway with little difficulty or wastage 
and the method of construction whould be suitable for both the overburden 


and rock foundations present at Site | and Site 2. 


For river beds with shallow overburden the construction of the dam can 
be arranged to make the maximum use of natural river flow to scour the 


loose bed material from the foundation area of the rockfill. 


Where the depth of alluvium is great an initial blanket of smaller size 
rockfill can be deposited over the area of the foundation and for some 


distance downstream, to ensure that deep scour does not occur in the 
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river bed downstream due to the increased velocity of river flow during 


construction. 
End Tipping 


A considerable number of cofferdams have been built by the method of 
tipping loose material into flowing water. In general, as the dumped 
rock arms extend into the river channel from both banks the gap narrows 
and the flow velocity through the gap increases accompanied by a decrease 
in the discharge. Experience has shown that, with simple end-tip 
construction, erosion begins at the upstream corners of the gap and then 
spreads rapidly along the face of the gap. However, by angling the side 
walls of the gap to form a nozzle-type configuration as shown on 

Figure F-15(e) a stable condition of the dumped material can be achieved 
earlier and the gap then closed with smaller size rocks than would be 


necessary for a straight line closure. 


The end-tip method is simple and therefore more widely used. But this 
method is limited to sites at which the river bed materials are not 
susceptible to erosion. If alluvial materials are present the velocity 

of the current could increase to erosive force during closure, not only 
washing away the overburden and thereby requiring additional rockfill 
quantities but also endangering the constantly exposed base of the 
rockfill structure during construction, and making closure with individual 


large rock very difficult. 


ay 


Rockfill Structures at Site 1 on Slave River 


The required rockfill structures for Alternative IA and Alternative 1B 
are identical except for their required crest lengths. Since deep 
overburden exists near the west bank it is best to protect the overburden 
from erosion by a blanket of quarry-run rock which can be placed by barge 
with no significant increase in flow velocities. The barge can also be 
used to construct the lower portion of the structure which lies below the 
water surface. The larger sizes of rockfill can first be dumped from the 
barge to form the downstream toe of the structure to the maximum possible 
elevation. Then the quarry-run rock can be placed behind the larger size 
rockfill and be brought up to approximately the same elevation; the part 
of the structure emerging above water surface can then be constructed by 
the end-tip method. In order to incorporate the maximum quantity of 
quarry-run material in the structure this phase of construction should be 


raised in two stages. 


In the initial stages the downstream face of the structure will be 
increased by end-tipping with larger size material to an elevation of a 
few feet above water surface level. An approach ramp can be bulldozed on 
the river bank for this purpose. Then quarry-run material can be tipped 
upstream of the larger rockfill. Finally the structure will be completed 
to its designed height by larger rockfill with dumped rip-rap forming the 


upstream face of the structures. 


For rockfill structures founded on bedrock the same method of construction 


could be applied except that the initial blanket of quarry-run material 
would not be required. Alternatively the structure may be constructed 
by the end-tip method only. However, this would reduce the volume of 
quarry-run rock which could be incorporated in the structures. Since 
barge dumping will be required for the western half of the structure it 
is proposed that the combination of barge dumping and the end~tip method 


be employed for the entire rockfill structure. 
Rockfill Structures at Site 2 on Riviere des Rochers 


The cross-section of rockfill structures for Alternative 2A and 
Alternative 2C is identical except for their required crest lengths. 

The structures can be constructed with the same methods proposed for 
Alternatives IA and 1B with rock foundation. Since structures at Site 2 
are subject to reverse flow, a zone of large rockfill is provided on the 
upstream face. If the structure is to be built by a combination of the 
barge-dump and end-tip methods the larger sizes of rockfill should be 
dumped by barge at both upstream and downstream toes. Then the 


quarry-run rocks can be placed by barge between the toes. 


The rockfill structure for Alternative 2B is completely submerged at all 
times and is well suited for barge dumped construction. Moreover, the 
natural stable shape of the rockfill dumped in flowing water somewhat 
resembles the shape of structure proposed in the Athabasca Delta Project 


Report No. 1 prepared by the Alberta Water Resources Division. 


During Phase | construction smaller size rockfill mixed with some 
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quantities of quarry-run material can be used but the average size of 
rockfill will need to be increased progressively in later phases. Since 
complete closure of the river is not required the final cross-section 
will be established when Phase 3 construction is reached. The cross- 
section of the rockfill structure shown in Figure F-10 is designed for a 
maximum forebay level of E1.692, and since the average ey Se level at the 
site during construction is estimated to be at about E1.685 or lower, the 
natural stable cross-section as a result of dumping rockfill by barge 
during the construction season is expected to be somewhat shorter than 
the designed cross-section. Therefore, after the natural stable section 
has been established further dumping of rockfill will be required to 


extend the downstream slope to its desired length. 
CAPITAL COST ESTIMATES 


Estimated capital costs of the five hydraulic control structures presented 


have been presented in Table F-3 through Table F-/. 


The unit prices for rockfill include drilling, blasting, hauling and 
placing and also cover the cost of labour, equipment, barges if applicable, 
camp facilities and transportation. The cost of providing a haul road 

from the quarry to the river banks is also included in the unit price. 


It has been assumed that no permanent access road is required. 


The cost of radial gates includes hoisting equipment, stoplogs, embedded 
metalwork and pre-stressed trunnion anchorage. The cost of lock gates 


includes operating mechanism, control valves, filling and emptying system, 


bulkheads, embedded metalwork and the provision of a foot bridge and 


control building. 


In recognition of the preliminary nature of the design, a contingency 
allowance of 25 percent of the direct construction cost is added to 


arrive at total direct costs. Indirect costs are estimated to be 
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10 percent of the total direct costs to cover site investigation, research, 


design and project management, and are added to the direct construction 


costs. 


OPERATING PROCEDURES AND PROBLEMS 


Gate Operation 


The operation of the gates has been limited to a simple gate open or 
gate closed procedure which is sufficient for the present purposes to 
indicate the relative effectiveness of the schemes investigated in 
controlling water movement and lake levels in the delta region. It has 
been assumed that the control gates will be raised clear of the water 
prior to freeze-up and left open until after break-up. Therefore 


operation of the gates under freezing conditions is avoided. 


Following the selection of a scheme for further study, it will be 
necessary to develop operating rules which will provide for the annual 
flooding cycle in the delta and enable lake levels to be fluctuated 
generally within a predetermined range to provide annual variations 


which the water management authority considers appropriate. 
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Navigation 


Navigation facilities have been provided at the control structures on the 


Slave River. 


The Northern Transportation Company Limited has indicated that all barge 
traffic will be able to pass from Lake Athabasca into the Chenal des 
Quatre Fourches and negotiate the reach of the Peace River between 
Quatre Fourches and Riviere des Rochers. Therefore no navigation 
facility has been considered for the alternative control schemes located 


on the Rochers. 


Two alternative navigation locks have been presented for Site 1 on the 
Slave River, one cut into the west bank and the other following the river 
channel and located adjacent to the east bank. Preliminary discussions 
with the Northern Transportation Company Limited have indicated that 

both routes would probably be suitable subject to some more detailed 
study, but river channel improvement consisting of dredging and blasting 
will almost certainly be required and provision for this item in the cost 


estimate is presumed to be made in the contingency allowance. 
Ice Movement 


It is proposed that the gates would be maintained in the raised position 
during the freeze-up. The gate control structures would be suitably 
armoured for protection against moving ice and designed for the thrust of 


surface ice formation. 
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A control structure on the Slave River would probably lessen the threat 
of flooding by ice jams downstream and no aggravation of the situation 


upstream is anticipated. 
ALTERNATIVE METHODS OF HYDRAULIC CONTROL 
General 


In addition to the uncontrolled rockfill structures and gated control 
structures, a number of other schemes were considered. As well as the 
impoundment at the Mamawi Lake outlet these comprise a temporary blockage 
of the Riviere des Rochers by a man-made ice dam; assisting the natural 
occurrence of Slave River jamming during the spring break-up; complete 
blockage of the Revillon Coupe with fill; a submerged rockfill weir on 
the Chenal des Quatre Fourches; the use of inflatable, neoprene coated 
fabric dams (Fabridam); and advance construction of the diversion dam, 
spillway and power intake for a proposed hydro power development 


downstream at Mountain Rapids on the Slave River. 


Existing Dam at Mamawi Lake Outlet 


A temporary rockfill dam was constructed during the winter of 1971-1972 
on the branch of the Chenal des Quatre Fourches which controls the flow 


between Mamawi Lake and Four Forks. Initially the dam was constructed 


to £1.684. 


This action was taken as an interim measure to impound inf lowing water 


from the Birch River and raise the levels of Lakes Claire, Mamawi, Baril 
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and the other numerous lakes and ponds in a region covering about 

60 percent of the Delta area. The impoundment was initially effective 
during the spring runoff of 1972 and as the lake levels rose the dam was 
raised to E].688.5 from a prepared stockpile of rockfill. At the end of 
June the water levels in Lake Claire and Mamawi Lake had reached the top 


of the dam. 


The scheme is intended as a short term solution until action is initiated 
for a long term remedial pian to provide acceptable hydraulic control of 
the Peace-Athabasca Delta region and Lake Athabasca. Full details on this 


impoundment structure are given in Section L. 


Ice Dams and Jamming 


a) Ice Dam on Riviere des Rochers 


The concept of installing a temporary ice dam on the Riviere des 
Rochers was studied with the object of completely blocking this 
channel during the 6-month period from January to June. The average 
inflow for the 6-month period is approximately 19,000,000 acre-feet. 
This would represent a gross increase in the level of Lake Athabasca 
of about 5-1/2 feet which would be reduced by about 20 percent due 


to the outflow through the Chenal des Quatre Fourches. 


The most suitable location for the ice dam is at Site 2 on Riviere 


des Rochers. 


The feasibility of the scheme depends on establishing a complete 


F29 


blockage of the channel using a network of cryopiles, and by 
upstream blasting of ice to create an ice mass in the channel. ‘The 
feasibility also depends on being able to maintain the ice dam ina 
stable condition during the spring. The details of the ice dam 


investigations are given in Section G. 


b) lce Jamming on the Slave River 


Ice jamming on the Slave River has historically been a contributing 
factor to the inundation of the Peace-Athabasca Delta region during 
the spring break-up. Jamming occurred during the 1972 spring 

break-up and materially assisted in the substantial flooding of the 


Delta region. 


It might therefore be possible to assist the formation of ice jams 
at an appropriate location on the Slave River by the use of massive 
concrete anchor blocks on opposite banks to support floated steel 


cables which would induce blockage of ice. 


Blockage of Revillon Coupe 


A possible method of obtaining a modest increase in the level of Lake 
Athabasca would be to provide complete blockage of the Revillon Coupe. 
An approximate measure of the increase in the lake level is given in 
Figure F-13, which compares the hydrographs for regulated Peace River 
flows, firstly using the computer model Option #1, which does not 


consider the Revillon Coupe, and secondly using Option #2, which provides 
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a solution including the Revillon Coupe. It can be seen that the level 
is about one foot higher when the Revillon Coupe is ignored. This is not 
an accurate representation and would tend to be greater for high lake 


stages and less for low lake stages. 


However, following a preliminary review of the possible cost of blocking 
the Revillon Coupe versus effectiveness in providing lake level control, 


the method was rejected. 


Submerged Weir on Chenal des Quatre Fourches 


A detailed study of a control structure on the Chenal des Quatre Fourches 
has not been made since in the limited time available the effort has been 


concentrated at the more promising sites. The reasons for this are: 
a) only about 20 percent of the lake outflow is carried by this channel; 


b) it provides the main navigation route between the lake and the 


Peace River; 
ey) it is probably the main channel for the movement of fish; 
d) complete control of the Delta region cannot be achieved. 


The changes in velocities in the Chenal des Quatre Fourches, due to 
control structures on the Riviere des Rochers have been investigated and 
generally indicate that velocities may increase from the order of two 

feet per second to about three per second. In addition, during low stages 


of the Peace River, critical flow conditions may develop at the downstream 
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end of the connecting channels. Further investigation of these two 
factors may indicate the advisability of a submerged weir near the 
downstream end of the Chenal des Quatre Fourches (at or near Site 4) to 
prevent progression of channel erosion upstream from the Peace River. 
However, it would be necessary to establish that such a weir would not 


interfere with navigation or the movement of fish. 
Inflatable Dam Control - Fabridam 


The possibility of using inflatable neoprene coated fabric dams (Fabridam) 
at the proposed hydraulic controls at Site 1, and Site 2 was considered. 
The use of the Fabridam was also considered for controlling the navigation 
lock required for the Slave River scheme. Following an exchange of 
correspondence and a meeting with the manufacturer, it was concluded that 
the use of Fabridam for this purpose could not be recommended at the 


present time. 


In the case of the use of Fabridam as a control gate the limiting height 
of about 12 feet is a severe restriction and, in addition, the extremely 
low temperatures and the possibility of heavy ice flows passing through 
the control could cause extensive damage to the Fabridam installation. 
Further, a Fabridam installation should only be used if a sudden release 
of the impoundment in the event of failure would be acceptable. In the 
case of a hydraulic control gate for Lake Athabasca storage, this would 
not be acceptable. Again, when considering Fabridam as a means of 


controlling the navigation lock, it was established that the height 
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required exceeds the recommended height of about 12 feet stipulated by 


the manufacturer. 


Generally, the manufacturers do not yet have the experience to guarantee 
the capability of the Fabridam assembly to remain operational under the 
expected extreme low temperatures, or under the effect of the massive ice 
flows which are anticipated. It is possible that an unprogrammed release, 
or an inability to reconstitute closure, could occur with a Fabridam due 
to failure of the inflation system input, or major damage to the assembly 
sufficient to overbalance input capacity, and for this reason the Fabridam 


installation would be unacceptable as a solution. 


Power Development on the Slave River 


Preliminary studies of a hydro power development at Mountain Rapids on 
the Slave River have been carried out on behalf of Calgary Power Limited, 
and it appears that a dam and spillway could be built at that location 
which would provide a fluctuation of levels in the Peace-Athabasca Delta 
region within the range which has been generally proposed as being 
ecologically desirable. Further review of this alternative should be 
undertaken to establish if the development of hydro power could be 
compatible with the ecological requirements. It appears that the hydro 
development dam could be designed with suitable operating and surcharge 
levels such that the river levels near the confluence of the Peace and 
Slave Rivers could be fluctuated through the desired range to simulate 
the short term inundation of the Peace-Athabasca Delta region during 


the spring. This study might disclose an economic justification for 
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building the dam, spillway, and if necessary, the power intake, in 


advance of the power facilities. 
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CAPITAL COST ESTIMATE 
SLAVE RIVER - ALTERNATIVE 1A 


Item __ Description 


1. Excavation in conmon material 


Cofferdam and dewatering 


3. Placing fill (excavated) material 
for dykes 

4. Supply and placing riprap 

5: Supply and placing rockfill 

6. Supply and placing mass concrete 
for gate structure 

1p Supply and placing structural 
concrete for floor beams 

8. Supply and install steel 
sheetpile 

os Supply and placing filter 


material on lock chamber floor 


10. Supply and instal] floating 
guide boon 


ae Supply and install lock gates 
and miscellaneous equipment 
DIRECT COST 
Contingency allowance (25%) 
TOTAL DIRECT COST 
Indirect cost (10%) 
CAPITAL COST ESTIMATE 


Quantity 


139,000 


30,000 
50,000 
220,000 


21,000 
1,000 


Fe 


TABLE F-3 
Unit 
Unit Price Cost 

cu. yd $ 2.00 $ 278,000 
roe - 580,000 
cu.yd. Po) 15,000 
cu.yd 12.50 625,000 
cu.yd. 9.50 2,090,000 
cu.yd. 200.00 4,200,000 
cu.yd. 250.00 250,000 
tons 1,000.00 565,000 
cu.yd. 25.00 80,000 
ves? - 50,000 
on - $ 530,000 
9,263,000 

2, 5)0,000 

11,579,000 

1,158,000 


$12,737,000 
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Item 


CAPITAL COST ESTIMATE: 


wr a a ee 


Description Quantity 
Excavation in rock 1.000 


Cofferdam and dewatering - 
Supply and placing rockfill 290,000 


Supply and placing mass concrete 
for gate and lock structures 25,000 


Supply and placing structural 

concrete for contro] structure . 
and spillway 10,200 
Supply and install radial gates 

hoists and miscellaneous metal 

work - 


Supply and install lock gate 
and miscellaneous equipment - 


DIRECT COST 
Contingency allowance (25%) 
TOTAL DIRECT COST 
Indirect Cost (10%) 
CAPITAL COST ESTIMATE 


Lie 


itor 


TABLE F -4 


250.00 


$ 


1, 
3; 


Sy 


2, 


1, 


$ 


14, 


Cost 


20,000 
500 ,000 
190,000 


000,000 


550,000 


820,000 


530,000 


610,000 


652,500 


35 
18, 
1, 


262,500 


826,500 


$20 ,089 ,000 


TABLE F-5 


CAPITAL COST ESTIMATE 
RIVIERE DES ROCHERS - ALTERNATIVE 2A 
Unit 
Item a Description Quantity Unit Price 
‘lis Supply and placing rockfill 42,000 cu.yd. $16.50 


DIRECT COST 
Contingency allowance (25%) 
TOTAL DIRECT COST 
Indirect Cost (10%) 
CAPITAL COST ESTIMATE 


ek 


Cost 


$693,000 
693,000 
173,400 
866, 400 
86 ,600 
$953,000 
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CAPITAL COST ESTIMATE 
RIVIERE DES ROCHERS - ALTERNATIVE 2B 
Unit 
Item Description Quantity Unit Price Cost 
1. Supply and placing rockfill 24,000 cu.yd. Ss 11.70 $280,800 
DIRECT COST 280,800 
Contingency allowance 70,200 
TOTAL DIRECT COST 351 ,000 
Indirect cost (10%) 35,000 


CAPITAL COST ESTIMATE $386 ,000 
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TABLE F=7 
CAPITAL COST ESTIMATE. 
RIVIERE DES ROCHERS- ALTERNATIVE ZC 
Unit 
Item Description Quantity Unit Price Cost 
1. Excavation in rock 4,400 cu.yd. $ 20.00 $ 88,000 
2: Cofferdaming and dewatering - Loe - 700,000 
35 Supply and placing rockfill 45,000 cu.yd. 8.30 373,500 
4, Supply and placing mass concrete 
for gate structure 7,500 cu.yd. 200.00 1,500,009 
5. Supply and placing structural 
concrete for gate structure 3,000 cu.yd. 250.00 750,000 
6. Supply and install radial gates, 
hoists and miscellaneous metal- 
work - LS: - $ 590,000 
DIRECT COST 4,001,500 
Contingency allowance (25%) 1,000,500 
TOTAL DIRECT COST 5,002,000 
Indirect cost (10%) 500,000 


CAPITAL COST ESTIMATE — | $5,502,000 
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-------- Approximate average annual lake level (1930-70) 

—— Simulation of recorded lake level, option #1 

—==-—-=- Simulation of lake level, 1968-71, assuming no effect by the Bennett Dam 
———— Simulation of lake level assuming full operation of the Bennett Dam since 1960 


Simulation of lake level assuming full operation of the Bennett Dam since 1960 
and the effect of Slave River gated control structure (gates always open) 


FIGURE F-7 Lake Athabasca Hydrographs, Slave River Gated Control Structure, Gates Open 
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Approximate average annual lake level (1930-70) 

Simulation of recorded lake level, option #1 

Simulation of lake level, 1968-71, assuming no effect by the Bennett Dam 
Simulation of lake level assuming full operation of the Bennett Dam since 1960 


Simulation of lake level assuming full operation of the Bennett Dam since 1960 
and the effect of Little Rapids constriction 


FIGURE F-9 Lake Athabasca Hydrographs, Riviere des Rochers, Little Rapids Rockfill Constriction 


%, 


Proposed 
Structure - 


S. 
% 
——Crest El. G77 
ELEVATION 
Sco/le O 50 feet NOTES 
Mox. lake feve/ El. GQ2——_ 1 ReckFil// to be barge- dumped o- 
: Placed by aerja/ cobleway- 
es 2. The reckf/l/ structure 76 be bu//t-up 


at an even rote over the fu// width 

of river cross-section 
fey a 3. Bulk of the rock#i// to have minimum 
St 7 + nemino! s/ze of /5° except for the 


Initial dumping when material smo//a 


Crest E/ 677~ | | than /5* may be used. 


Nature! slope of dumped rockFil/ —_ 


yA PAT AN 


TYPICAL CROSS-SECTION OF PERVIOUS ROCKF/LL WE/R 
Scele 0 fe) 20 feet 
——— 


PEACE - ATHABASCA DELTA PROJECT 
ALBERTA WATER RESOURCES DIVISION 
RIVIERE DES ROCHERS-ALTERNATIVE 2B 
ROCKFILL WEIR 


GEPAC, STANLEY & ASSOCIATES LIMITED 


FIGURE F-10 


<a 
“Wie 
F 
¢ 
t 
ry 
— 


—_— = 7 
- A = ate 
i — | 
| 
= may - Sa rr | 
; > - 
- en a . 
=—_ ' 
/ i) 
Ue ae 
\ | 
4 } x 
a 
' 
a ) +) a / 
* ; ‘4 ¥, 
VB 
as) C8 © wae 
Pi eee — 


a oF S wae 
ed ees 
see Via 
ener =o 
a i Te oF - 
PONS V3 we 

Yan rr | 

| Wri Metre yew 

Py a 

- TT STSTT EP NST) ——— > ses EES 


*ZALIOOS 


- 


wT 


2.0\VSE AS WO\I S3e -E2Ge dh > ST 


aw? CA > o we 
ee ee ied 


695 


= + —+ + + + {— + ie 
es 1960 1961 1962 | 1963 | 
oO + + + 1° = + 4 + ; 
° il | | red se 
s ee | | 
=} 
kF 690 
q 
2 al + 
oO ~ + I -— a 
wn 
6 ih 4 i ale 
| | 
685 s=eSEsEsscE=ce=== OO errr oo oo 9 ry rr 7 Coo eet DOS TSS ee See oo cso rr rer ot 
io | 
Ww 4 iL 
3 [ a LP ies 
5 —=- S| + + siz +—, 
sol! ELM PALM pw PAlsilopNiOlv| FI MlAIMlo|@lalsloln|>lulelmlaAlMlal glalelo init JlelMlalmlululalslo 
WwW 
wo 
695 
+ + + + 
Zz 1964 1965 1966 1967 
dq i t le eT = = iz 2! = = | 
= ale no hb 1 = = | s5 = ah + = 4 als 
+ + ~ sail —— —— — + : — 4 t + 
Fel 690 | 
> ae! | alle ho 
(oe) al ] 
o | = | y 
at 
iS if % T % ll 
Ws 
WwW 685 ery err) Cr ey errs eer Tr Tt cry saqeeeian Sees ect eoareooasbooahasa = a a = = a) - scahas > oe a ee oe ee a ae an de a SegeceePoedeae: Steeabesepocedeseataans 
Ww | 
73 | 
1 = ae + = = oe i 
axl) a i == 
WwW | 4 Je 4 I! 
cel EIMIA[M[ululalsl[o[nio[ulF[Mla[miu[ulalslolniofulFimlalm[uvlulalsloinioluvlelmlalmlululatlsto 
=) 
695 
=e | =I at a 
e 1968 | 1969 ij [ 1970 | | 1971 
= if i 7 + + 
< { IL = 4 
= | | ail | si] iL 
690 
<q Z 
oO + 4 I at i + 
a } + + + —— = 
o | aoa | | ae Sy 
i? 
NS aN 
. i 
= os al N 
685 bresgpeespesspercbegeceperepeccpea ete en ee eee ee Cet 
i = [ i 
w = + | — at + i 
# =i = il + + + + 55 =I — t + a af 
= + ait a 4 | 1 sh | = 
Poe EMI AIMi yy iAlsiolnip[ule[mMiaiM[ulvlalslolniol[vlreilmialmlululalsloINniolulrimialmivlulalsto 


-------- Approximate average annual lake level (1930-70) 

= Simulation of recorded lake level, option #1 

==—==<-=-= Simulation of lake level, 1968-71, assuming no effect by the Bennett Dam 
———_ Simulation of lake level assuming full operation of the Bennett Dam since 1960 


Simulation of lake level assuming full operation ef the Bennett Dam since 1960 
and the effect of Little Rapids weir 


FIGURE F-11_ Lake Athabasca Hydrographs, Riviere des Rochers, Little Rapids Rockfill Weir 
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-------- Approximate average annual lake level (1930-70) 

——= Simulation of recorded lake level, option #1 

=-==-—-- Simulation of lake level, 1968-71, assuming no e‘fect by the Bennett Dam 
——— Simulation of lake level assuming full operation of the Bennett Dam since 1960 


———— + «~Simulation of lake level assuming full operation of the Bennett Dam since 1960 
and the effect of the Little Rapids gated structure (gates always open), option #1 


—-=--—-= Simulation of lake level assuming full operation of the Bennett Dam since 1960 
and the effect of the Little Rapids gated structure (gates always open), option #2 


FIGURE F-13 Lake Athabasca Hydrographs, Riviére des Rochers 
Little Rapids Gated Control Structure, Gates Open 
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--------- Approximate average annual lake level (1930-70) 

———— Simulation of recorded lake level, option #1 

=-——-=— Simulation of lake level, 1968-71, assuming no effect by the Bennett Dam 
—_—————— 1 Simulation of lake level assuming full operation of the Bennett Dam since 1960 


Simulation of lake level assuming full operation of the Bennett Dam since 1960 
and the effect of the Little Rapids gated structure (gates closed), option #1 
Simulation of lake level assuming full operation of the Bennett Dam since 1960 
and the effect of the Little Rapids gated structure (gates closed), option #2 


FIGURE F-14_ Lake Athabasca Hydrographs, Riviere des Rochers Little Rapids Gated Control Structure, Gates Closed from May 25-August 13 
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ABSTRACT 


During a preliminary study in 1970 of the Peace-Athabasca Delta 
problem, two different structures were proposed for a rapids section on 
Riviere des Rochers. The purpose of these structures was to act as a 
control for flows out of Lake Athabasca. It was suggested at the time 
that each of the proposed structures should be modelled in order to 
better determine their hydraulic properties and stability. 

Two models were constructed, the first (a rock weir) in December 
of 1970 and the second (partial rock weir) in August of 1971, using the 
University of Alberta facilities. Design curves have been derived which 
permit computation of the backwater effect for a given design, tailwater 
elevation and outflow. 

lt appears that a partial weir, emanating out from the left bank 
for a distance of 550 feet would produce the most desirable range of 


backwater values. 
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CHAPTER 1 


Model Study of Rock Weirs for the 
Athabasca Delta Project 


1a Three possible means of artificially raising the water levels of 
Lake Athabasca have been suggested in the report ''Athabasca Delta Project 
No. I'' (1). Each of these controls would basically consist of a rock 
embankment placed in some channel so as to produce a constriction of 
flow and a consequent upstream increase in water levels. Two of the 
alternatives of which we are primarily concerned with in this report 
were to be constructed on Riviere des Rochers at a rapids section about 
fourteen miles north of Fort Chipewyan. Use of rock embankments in 
these alternatives was thought to be the most desirable because con- 
struction material was locally available in large quantities and the 
system if it worked would provide the simplest and most economical 


means of maintaining higher Lake Athabasca levels. 


12 A detailed description of the two alternatives considered for 
Riviere des Rochers is provided in the following chapters, but suffice 
it to say for the present that one alternative consisted of a partial 
rock weir and the second a complete rock weir. Neither of these pro- 
posals lent themselves to easy solution of their hydraulic or stability 
properties, and as such, it was suggested during preliminary design 
that hydraulic models should be constructed. These models, would, per- 


mit the designer to better estimate the backwater effects which would 


(1) Athabasca Delta Project Report No. 1, Alberta Water Resources 
Division, Department of the Environment, September, 1970. 
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result from these structures under varying conditions of tailwater and 
design, and would provide an assessment of the stability of the struc- 


ture for some given size and gradation of rock. 


x3 Two models were constructed; the first one (rock weir) at the 
Graduate Hydraulics Laboratory, University of Alberta, and the second 
one (partial rock weir) at the Mobile-bed Model Facility, University of 
Alberta Farm, Ellerslie. Construction and operation of the models was 
under the direction of Mr. C. R. Neill, River Engineer, Research Counci] 
of Alberta, and Mr. A. Charbonneau, Laboratory Supervisor, University 
of Alberta. Interpretation and analysis of the results is presented in 
the following chapters. The results of this report are intended as a 
design guide if in the future government policy dictates that a major 
control structure is feasible or warranted to control lake levels and 
that the structure used will be of similar character to either of the 


alternatives discussed in this report. 
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CHAPTER 11 


Discussion of Model Results for the Rock Weir 


ra | Tentative Design of Rock Weir 


Figure 2.1] provides a description of the weir suggested for the 
rapids section on Riviere des Rochers. It is likely Geb the (granite) 
bedrock which outcrops on the banks also extends across the entire 
channel so that the weir would apparently be situated within a very 
stable section. The upstream (south) edge of the weir's crest would be 
at elevation 677 feet, with the crest then sloping down five feet to the 
north in a distance of eighty feet. Upstream and downstream side slopes 
would be 2:1 and 4:1 respectively. The crest was given a slope in hopes 
of off-setting expected high energy losses by water having to flow over 
the five foot rocks which would make up the surface of the weir, while 
the downstream side slope was given a flat 4:1 slope in order to pro- 
vide some stability safety-factor for the rock under conditions of low 
tailwater depths and high flows out of Lake Athabasca. Class 2 rock 
(median size 20 inches or 400 pounds) would make up the permeable core, 
while one or two layers of five foot (8000 pound) rock would be required 
on the surface of the weir to provide stability. 

The flow regime of the Slave River is such that the tai lwater 
level below the weir could vary over a height of about twenty-five feet 
(elevation 672 to 697 feet), which makes a subjective analysis of the 
outflow regime from Lake Athabasca a very complicated problem. Flows 
would usually be out of the lake although reverse flow could infre- 


quently occur. This means that the weir has to be high enough to act 
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as a control for outflow over a wide range of flow conditions, and be 


stable enough to withstand flows in two directions. 


22 Description of Model 


The model was constructed halfway along a sixty foot long, four 
foot wide flume. Maximum available model discharge was 3 c.f.s. A 
well-graded crushed granular material for constructing the rock weir was 
available which had a maximum size of 3/4 inch, so that a prototype to 
model scale of 40 provided the model material gradation curve shown on 
Figure 2.2. The difference between the two curves shown was not con- 
sidered great enough to warrant further refinement towards the gradation 
curve shown for Class 2 rock. With a four foot wide flume it meant 
that 160 feet of the prototype was modelled (or approximately twenty per- 
cent of the total length of weir) and the maximum prototype unit dis- 
charge available was about 188 c.f.s./feet. A tailgate at the outlet 
of the flume was used to vary the tailwater elevations for various dis- 
charges. The stones were hand placed in-the-dry, with a layer of 
larger stones (1 1/2'') being placed for the surface layer of the weir. 
The prototype to model scale ratios for various variables are 


presented below: 


Length - 4o 
Discharge - 10,000 
Velocity - 6.34 
Time See oesH 


Hereafter in order to avoid confusion only prototype dimensions 


will be referred to. 
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235 Theory of Flow for Weirs 


The rock structure being studied is basically a broad-crested 
weir and in solving for the flow function over it the normal text book 


procedure is to equate the energy functions between the two sections 


shown in Figure 2.3, as follows: 


Datum zero 


EIGUREsacs3 
0 V9" h 0 
+ a a + 
why 2g mz 
v7? 
where the approach velocity head ae been considered negligible and 
g 


energy losses between sections | and 2 have been neglected. If we let 


H = y} - h and solve for y, then; 


2 
V2 = V2g(H - yo) 
or q = y2 V2g(H - yo) (qbescihesa/,feetewidth).= (1) 


If we assume that section 2 acts as a control so that conditions there 


are critical then y2 = ye and approximately y2 = =H Therefore after 
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substituting this value for y2 in Equation 1; 


q = 3.09 H3/2 =e (2) 


Backwater upstream of a weir develops once this obstruction is 
raised to a sufficient height ''h'' to create a choking effect on the 
flow. According to a specific energy diagram for a given discharge and 
with increasing resistance to flow offered by "'h'', the depth wil] 
ultimately reach critical and go no lower no matter how much more the 
weir is raised. At heights above the one which causes critical flow to 
develop over the crest the amount of specific energy available is inade- 
quate to maintain ''normal'' flow, so the water surface would have to rise 
up and in the process cause a backwater effect. 

The model was able to provide enough information to show under 
what flow conditions the weir would act as a control and to enable 
development of flow equations of the type given in Equation 2. In 
general it was accepted that the flow function over a weir where 
critical flow had developed on the crest was of the form: 

g = ae - (3) 

Previous work has indicated that the index ''n'' should remain 
fairly close to 3/2 while the constant C will vary with the length of 


crest, side slopes of the weir and the roughness of the crest surface. 


2.4 Test Series |, Interpretation of Results 
A model was constructed according to the section shown in 


Figure 2.1 (see Photograph x’.1)*. The height from the base of the weir 


* NOTE: Appendix A contains photographs of many of the tests carried 
out. 
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to the upstream (south) edge of the weir crest was 25 feet. It should 
be noted from Figure 2.1 that the river bed on which the weir would be 
located varies in elevation, being fairly shallow on the left side and 
deep on the right. It was expected that the flow function over the weir 
would vary with the depth of approach to the weir, Because the depth 
varies so much across the channel this initial model used a relatively 
large approach depth while a second model (Test Series IV) was only 
constructed 10 feet high in order to observe any differences in the 
flow function. Discharges between 1.37 c.f.s./foot and 189 c.f.s./foot 
were tested, with flow going from south to north, and tailwater eleva- 
tions varying between 670 and 694 feet. 

Figure 2.4 is a plot of q = fns(Ho, TWE) where q is the discharge 
per unit width along the weir, Ho is the difference in elevation between 
the surfaces above and below the weir and TWE is the tailwater or water 
surface elevation below the weir. Using this plot Table 2.1 (on the 
following page) was constructed. 

Figure 2.4 permits the solution of flow conditions for most of 
the possible situations but the data can be broken down into some 
interesting details. For instance Table 2.1 indicates when critical 
flow will develop on the crest. With increasing tailwater elevations 
for a given unit discharge a condition can be delineated where downstream 
changes are not reflected by changes in the upstream water levels, and 
this condition occurs when critical flow has developed somewhere on the 
crest. A broken line has been drawn on Table 2.1 which roughly separates 
those conditions where the weir acts as a critical flow control, from 
those where the critical flow has been submerged by high tai ]lwater 
depths. Thus Figure 2.4 provides two design aides for the assessment 


of water surface elevations immediately upstream of the weir for the two 
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TABLE 2.1 


Unit Discharge and Upstream Water Surface Elevations 


OD eCula Say! tr 10 20 ho 60 100 125 160 190 
694.00 694.05 694.10 694.20 694.5 694.65 694.90 695.20 
_ 2 690.05 690.10 690.20 690.40 690.8 691.35 692.40 | 693.70 
5 8 «686.10 686.20 686.30 686.70 688.3 | 689.50 691.40 693.10 
Did a7 682.15 682.4 683.0 684.8 687.5 689.20 691.40 693.10 
ah 679.60 681.00 682.80 684.7 687.5 689.20 -- ee 
$ See A NUR AEN Lilo 0G) Siac Ca ee (eee pee een gaa 
£ ti* 679.20 681.00 -- 4s -- -- -- = 
Ave rage 679.50 681.00 682.85 684.70 687.80 689.30 691.40 693.30 
- 677 677.00 677.00 677.00 677.00 677.00 677.00 677.00 677.00 


SSS SS eS Se SSS 


(H) Diff (ft) 2.50 4.00 5.35 Jism lO OOn wal 2. 30.40 + 401630 


conditions (i.e. critical and non-critical) of flow over the patte The 
approximate range where submergence of the weir occurs has been shaded 
in Figure 2.4 and this occurs during conditions of high tailwater levels. 
For most conditions, at least in the practical range of variables in the 
prototype, critical flows will occur and development of Equation 3 for 
our particular case will be adequate for estimating upstream water 
levels for various discharges. 

At the bottom of each column in Table 2.1] the average upstream 
water level has been computed for the condition of critical flow on the 
crest. The differences between these elevations and the elevation of 


the upstream end of the crest (677 feet) are listed in the last row and 
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designated as H. By definition for Equation 2 the value of H should be 

computed at the critical flow section but this was difficult to locate 

in the model. Also assessment of Equation | was not attempted because 

proper assessment of yc from the model results was impossible. Figure 

2.5 is a plot of the function q = fn(H) where H is defined on Figure 2.4. 
q = 2.29H!-60 - (3) 

The index. is higher than the 1.50 which occurs for theoretically 
and straight-forward relatively smooth surfaced broad-crested weirs. 
The net result of this equation is that it predicts a higher value of H 
for a given q than might be expected using theoretical values, which 
must partly be a result of the effect of the rough rock surface making 
up the crest. 

The rock making up the weir remained relatively stable for most 
test conditions. A zone has been delineated on Figure 2.4 which out- 
lines test conditions where some rocks were displaced. These occurred 
during high flows and after rapidly dropping tailwater levels. It may 
be that the rocks which did move were left in an unstable condition 
during construction. It is unlikely that the conditions which pro- 
duced a little instability in the model would occur in the prototype. 
An ice-jam might occur upstream of the Riviere Rochers confluence with 
the Peace River, which would result in a rapid draw-down of the tail- 
water level at the weir, but it is doubtful whether the discharge out 
of the lake would be high enough to move much of the rock. Also in 
order that the model is more representative of the prototype it would 
be necessary to pack the rock as snugly as possible during construction 
in order to represent the hand-placing of rock in the model, and to 
provide added stability to the structure by increasing the packing 


factor. 


FT. 
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Peasy Test Series II, Interpretation of Results 


Using the same model as for Test Series |, a wooden wall was 
placed through the entire length of weir in order to see if any benefit 
could be derived from constructing an impermeable core. Figure 2.6 
provides a record of the test results, where the variables used were 
defined for Figure 2.4. Here again as for Table 2.1 we can break this 
figure down into the following table: 

TABLE 2,2 


Unit Discharge and Upstream Water Surface Elevations (Impermeable Core) 


q cutest /ft. 10 20 40 60 100 125 160 190 
694.05 694.05 694.10 694.10 694.40 694.70 695.20 695.70 
r : 691.05 691.10 691.20 691.30 690.90 691.40 ‘692.60 694.00 
: 5 686.10 686.20 686.40 686.90: 688.60 689.90 691.90 693.60 
me 5 682.20 682.60! 683.90 685.40. 688.30 689.80 691.90 693.60 
fe 680.30 681.50. 683.60 685.40 688.30 689.80 -- -- 
ia 85 680.10 681.30 683.40 685.40 -- -- -- -- 
: ae 679.90 681.30 -- -- -- -- oo -- 

Average 680.10 681.30 683.60 685.40 688.40 689.80 692.10 693.70 
- 677 677.00 677.00 677.00 677.00 677.00 677.00 677.00 677.00 


(H) Diff (ft) 3710 4. 30 6.60 SVhOM RT PEhO Ty 26 80° S1S.70"° «16.0 


The flows have been separated into weir control and submergence 
conditions, by the broken line through Table 2.2. This information has 


been transferred to Figure 2.6 where it can be noted that the weir acts 
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as a control for most of the possible flow conditions. Values of H and 
q are plotted on Figure 2.7 and the equation of this line is: 


66 


q oie - (4) 


Thus for a given ''q'' and comparing Equations 3 and 4 one would 
gain a higher backwater effect given by ''H'' if an impermeable core were 
used, 

A line has also been drawn on Figure 2.6 which outlines a zone 
where rock movements off the weir are liable to ceo Total failure 
of the weir did not occur during any of the test conditions given on 
this line but rather local rocks moved a few feet which might indicate 


incipient instability of the rock or possibly a few rocks on the model 


had been placed in an unstable position. 


2.6 Test Series II!, Interpretation of Results 


It is known that under certain combinations of high Peace River 
flows and low lake levels water will begin running into Lake Athabasca 
from the Peace River primarily through Riviere des Rochers and nermally 
in June. The amount of flow is not usually very great, averaging 
around 18,000 c.f.s. in June during pre-Bennett Dam days. A flow of 
70,000 c.f.s. is estimated to have occurred in June of 1964 but this was 
rather exceptional, and with the modified Peace River peaks, it is 
likely flow reversal in the future will occur even less frequently and 
in smaller amounts than in the past. However, because flow reversal is 
still a possibility, the model for the previous tests (see Photograph 
A.2) was reversed, in order to check its stability and to determine the 
flow function for it. Figure 2.8 is a plot similar to Figures 2.4 and 


2.6 and Table 2.3 has been derived from it. 
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TABLE 2.3 


Unit Discharge and Upstream Water Surface Elevations (Flow Reversal) 


CeeCersi fit ibe 10 20 LO 60 100 140 160 190 
a 693.90 694.00 694.10 | 694.25 694.60 695.20 695.50 696.10 
cis 690.00 690.10 690.20} 690.45 691.10 692.10 692.70 | 693.70 
ea 686.10 686.20 686.50 | 687.00 688.50 690.30 691.30 693.00 
Hi 682.20 682.60 683.70 (685.00 687.70 689.90 691.00 692.50 
ee 679.80 681.00 683.00 1684.60 687.30 689.60 690.80 692.30 


lt appears that in general the structure will not behave as a 
‘control, i.e. critical flow will not develop over the structure. A 
dashed line delineates a set of flow conditions where critical flow was 
close to occurring but this was during a range of high flows and low 
lake level conditions which are never likely to occur in the prototype. 
A box has been drawn around the practical range of consideration. 

None of the test conditions imposed caused rock to become 
unstable so reverse flow is not expected to cause any stability problems 


for the proposed structure. 


Cae | Test Series IV, Interpretation of Results 


This last series of tests was carried out to see if any difference 
would result in the flow function over the rock weir if the depth of 
approach was less than the 25 feet used in the first two test series. 

The rock weir was constructed 10 feet high, with a permeable core, and 
the same flow conditions as for Test Series | were observed. 

Figure 2.9 presents the results of the observations and Table 2.4 


has been derived from it. 
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Unit Discharge and Upstream Water Surface Elevations (10' high weir) 
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Conditions where critical flow has developed on the weir have 


delineated by the broken line in Table 2.4. 


drawn on Figure 2.9 and shows that the weir will not act as a control 


This same line has been 


for only a very few combinations of flow and tailwater depths, i.e. 


very high flows and high tailwater depths. 


The ''head'' differences H 


693.80 
677.00 


16.80 


been 


at 


during times when the weir is a control have been computed above and the 


function q = 


iss 


which permits the computation of the resultant upstream water surface 


= 1,03H!-85 


fn(H) is plotted on Figure 2.10. 


(5) 


elevation for any tailwater condition (outside the shaded area in 


Figure 2.9) and flow. 


The equation of this line 
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The structure was completely stable during testing except for the 
two situations shown on Figure 2.9. Both of these cases occurred during 
low tailwater conditions where rock moved away from the toe of the 
structure. The amount of rock which moved was not great and it is not 


felt that the structure was in any condition of imminent failure. 


Zist Profiles 


Longitudinal water surface profiles were measured for every test 
and in general these fell into three categories, as illustrated in 
Figure 2.11. 

The first case shows a rapid drawdown of the water surface over 
the weir crest, flow along the crest at critical or supercritical con- 
ditions, and a rapidly undulating water surface developing downstream 
(form of hydraulic jump) of the weir. This was the most common si tu- 
ation during testing and represents the case where the rock weir acted 
as a control structure. 

The second case occurred when the flow control condition became 
submerged. This featured a small lowering of the water surface over the 
weir, without too much turbulence resulting. 

Thirdly, was the case of low lake inflow and low tai lwater, 
which results in a small depth of water percolating through the rock on 


the surface of the weir. 


229 Conclusions 


The three equations derived for flow over a rock weir are as 


follows: 
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Equation 3. 25' high weir, permeable core; q 2.29H!- 60 


4, 25' high weir, impermeable core; q 1.67H!-66 


5. 10' high weir, permeable core; q 1.03H!-85 


In actual fact, all of these equations produce H values for 
given unit discharges that are not too different. For instance if the 
unit discharge were 100 c.f.s./ft., each of the above equations would 
give H values of 10.4, 11.6 and 11.8 feet respectively. 

Figures 2.4, 2.6 and 2.8 roughly delineate prototype conditions 
where the control effect of the weir becomes submerged. It appears 
that supercritical flow will occur on the crest for most of the possible 
flow conditions and that the specified material size will be adequately 
stable. There will have to be compromise between Equations 3 and 5 
since the shallow approach condition has some effect on the amount of 


backwater. 
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CHAPTER III 


Model Study of Partial Rock Weir 


3.1 Nature of the Study 

Figure 3.1 provides the general details of the notched weir 
which would be located at the same site as has been previously described 
for the broad-crested weir. The fact that a notch is employed to pass 
low flows precludes the possibility of studying a model of a narrow 
section of the weir (as was the case for the broad-crested weir), 
As such, it was necessary to construct the entire weir on a model of 
the river reach which contains the natural (bedrock) control point. 

The subsequent model study had several objectives to fulfill: 
(1) to determine the stage-discharge relationship for the natural 
section; (2) to determine the effect of rock size, dumping rates otce. 


on the construction of the weir; (3) to determine the relationship 


(for each variation of the partial weir) among headwater elevation, 
tailwater elevation and discharge; (4) observe flow velocities in the 


constriction so as to determine the possibility of navigation. 


aoe Laboratory Facilities 

322.1.) Apparatus 

The natural river bed was constructed of sand which was contoured 
according to surveys conducted of the prototype, and was stabilized by a 
thin layer of cement. The closed system consisted of a headtank, the 
river tray, a large sump and two pumps with a combined capacity of 
approximately 1.5 c.f.s. The flow was regulated (by means of a butterfly 
valve) as it discharged into the headtank and over a calibrated sharp- 
crested weir. Tailwater elevation was controlled by the adjustment of a 


hinged tailgate. 
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Electronic gauges were employed to monitor the levels of the headwater, 
the tailwater, and the stage of the flow over the calibrated triangular 
weir. The apparatus described above are illustrated in Figures A-9 
to A-11 of the appendix. 

3.2.2 Determination of Model Scales 

As the pump capacity was limited to approximately 1.5 c.f.s. 
and as it was thought possible to simulate a prototype discharge in excess 
of 150,000 c.f.s., the scale of discharge (Qs) was fixed at 1:100,000. 
As the force of gravity was common to model and prototype (and because the 
Froude Number in this model must be maintained as unity) the length scale 
(Ls) was necessarily fixed as: 

2/5 


L. = Ue = 1:100 


Other relevant quantities could then be determined: 


t = time scale = L 2 =O 
Ss Ss 
Q6 
and WC = velocity scale = ee = 1:10 
oa 


s 

3.2.3 Selection of Material for Weir Construction 

For the purpose of this study, the material used in the weir 
construction will be considered as having been a part of the laboratory 
apparatus. It was manufactured according to the specifications of 
Figure 2.1 and Figure 3.1 from 100% crushed rock. The sieve curves of 
the specified and actual gradations are illustrated by Figure 3.2. Both 
Class II and Class III material were employed in the weir construction. 
Rip-rap was provided for in the form of 36" (minimum) rock. The material 


described above is shown in Figure A-12. 
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Ses Details of Partial Rock Weir 

3.3.1 Physical Characteristics 

All of the variations of the notched weir shared some common 
general features. Crest elevation was maintained at 690! (Geodetic). 
Top width was 50' while sideslopes were 2:1 on upstream and downstream 
faces and on the nose. Class II rock was employed until erosion began 
to occur. The core of the weir was then completed with Class III 
material followed by placement of rip-rap. 

3.3.2 Method of Construction 

An attempt was made to simulate the end-dumping procedure which 
would be used to construct the prototype. Once erosion began to occur, 
a small container was used to place the core material on the end of the 
weir. The rock was then dozed into the water with a small trowel. The 
method which was most successful, when erosion became severe, was to push 
the rock off the upstream face of the weir near the nose. The material then 
tended to roll into position on the nose of the weir. If the rock were 
launched directly onto the nose of the weir, the trajectory resulted in the 
particles being carried some distance downstream, and distorting the shape 
of the weir. The average dumping rate was in the order of six cubic yards 
per minute. 

The flow conditions during the weir construction were selected 
as being typical for the winter months. A discharge of 35,000 c.f.s. was 


chosen and the tailwater elevation was maintained at 673.0! (Geodetic). 
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3.4 Test Series V, Interpretation of Results 
This series was devoted to the construction and testing of a 


partial weir extending 550' from the left bank (see Figure 3.3). The 


weir is shown in various stages of construction, in Figures A-13 to A-18. 
In subsequent test series, the channel was further constricted and the 
performance of a weir extending from the right bank was also evaluated. 
The resulting functions, which describe the flow conditions over the weir, 
were intended for use in selecting the most advantageous variation of the 
partial rock weir. 
In Test Series V, the ranges in measured quantities were as 
follows: 
Discharge - 15,000 c.f.s. to 100,000 c.f.s. 
Tailwater elevation (GSC) - 672' to 688! 
Headwater elevation (GSC) - 675.6' to 694.0! 
The data have been assembled in Table 3.1 and the relationship among the 
three measured variables is illustrated graphically by Figure 3.4. Due to 
the diatincinnots nature of the notched weir, it was impossible to simplify 
the analysis of the flow phenomenon by considering unit discharge or head 
above the weir crest. Figure 3.4, which represents Q = fn (headwater 
elevation, tailwater elevation), is divided into two zones. These indicate 
the conditions under which the flow over the weir is critical or in a state 
of submergence. By inspection, it becomes obvious that for the majority 
of cases the weir would be submerged; however, the most probable situation 
(low tailwater due to low flow in the Peace-Slave, and a moderate discharge 


from Lake Athabasca) would likely result in a critical flow condition. 
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TABLE 3.1 
RESULTS OF TEST SERIES V 


DISCHARGE HEADWATER TALLWATER COMMENTS 
Cefs x 10) 7 ELEVATION (GSC) ELEVATION (GSC) 
iD 688.4 688 
686.5 686 
684.6 684 
682.6 682 
680.8 680 
679.3 678 
677.9 676 
676.9 674 
676.2 672 
675.7 670 
675.6 668 
g08) 688.6 . 688 
686.8 686 
684.9 684 
683.3 682 
681.7 680 
680.7 678 
679.9 676 
679.4 674 
679.2 672 
679.1 670 
35 687.2 686 
685.5 684 
684.2 682 
683.2 680 
682.5 678 
682.2 677 
682.1 676 
681.9 675 
681.8 674 
681.8 673 


681.8 672 
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DISCHARGE — 
(cfs x 10 ) 


HEADWATER 
ELEVATION (GSC) 


TABLE 3.1 
RESULTS OF TEST SERIES V 


TAILWATER 


ELEVATION (GSO) 


COMMENTS 


50 


70 


100 


689.8 
688.4 
687.1 
686.3 
685.7 
685.3 
685.2 
685.1 
685.1 
691.3 
690.3 
689.6 
688.9 
688.5 
688.4 
688.4 
688.4 
694.0 
693.4 
693.1 


6937.1 
De eee, 
692.4 


692.4 
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686 
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688 
686 
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679 
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Flow over crest of weir 
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No serious problems were encountered during the construction of 
the 550' structure, although slight erosion of the Class II core material 
occurred just as the final length was reached. Subsequent testing of the 
weir revealed that the flow was somewhat deflected towards the right bank; 
however, no major concentration of flow occurred at any point. Some wave 
action was evident at a distance of 500' to 800! downstream of the structure, 


on the right bank. 


Shy, Test Series VI, Interpretation of Results 
For Test Series VI the structure from the previous series was 
extended 100' to a total length of 650'. The test results are contained 
in Table 3.2 and the flow function is illustrated by Figure 3.5. The 
further constriction of the flow resulted in generally higher headwater 
elevations for any given discharge, as expected. However, the increased 
sensitivity of headwater elevation to discharge caused overbank flow in 
the reach upstream from the weir if the flow was much in excess of 
70,000 c.f.s. The ranges in the measured quantities in Test Series VI 
were: 
Discharge =-¥¥l5,000ito 70,000ic.£.s. 
Headwater elevation - 684.0' to 695.6! 
Tailwater elevation ~ 674! to 688! 
As erosion problems were anticipated for the 100! extension, 
Class III material was used to construct the core, Despite this 
precaution, severe erosion occurred as the nose of the weir was extended 
into the deep part of the channel that forms the thalweg of the rapid 


section. 


Fill 


TABLE 3.2 
RESULTS OF TEST SERIES VI 


DISCHARGE | HEADWATER TAILLWATER COMMENTS 
(cfs x 10°) ELEVATION (GSC) ELEVATION (GSC) 
15 689.2 688 
687.4 686 
686.0 684 
684.9 682 
684.2 678 
684.0 676 
684.0 674 
25 | 690.3 688 
689.1 686 
688.2 684 
687.8 682 
687.4 680 
687.3 678 
687.2 676 
35 691.5 688 
690.7 686 
690.2 684 
689.9 682 
689.9 680 
689.9 678 
689.8 676 
689.7 674 
689.6 673 
689.6 672 
50 693.6 688 
693.3 686 
693.1 684 
693.0 682 
692.9 680 
692.9 678 


1S 684,3 680 
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TABLE 3.2 
RESULTS OF TEST SERIES VI 


DISCHARGE 3 HEADWATER TAILWATER COMMENTS 
(cfs x 10 ~) ELEVATION (GSC) ELEVATION (GSC) 


70 695.6 688 Flow over crest of weir 
695.0 686 Flow over crest of weir 
695.4 684 Flow over crest of weir 
695.4 682 Flow over crest of weir 
15 684.4 676 Impermeavle cover on u/s 


face of weir 


25 688.0 680 Impermeable cover on u/s 
face of weir 


3D 691.0 682 Impermeable cover on u/s 
face of weir 


TABLE 3.3 
RESULTS OF TEST SERIES VII 


HD 688.7 688 
686.8 686 
684.9 684 
68352 682 
681.7 680 
681.0 678 
680.6 676 
680.5 674 
680.4 672 
3 689.0 688 
687.2 686 
685.6 684 
684.2 682 
683.5 680 
683.2 678 
683.1 676 


683.0 674 
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The transported particles rolled downstream on the bed to form a large 
tongue" which is visible in Figures A-19 and A-20. Once the "tongue" 
had formed, the erosive attack was noticeably lessened and no difficulty 
was encountered during the subsequent placement of rip-rap (see 

Figures A-21 and A-22). No further instability became evident during 


the test series. 


she Test Series VII, Interpretation of Results 

Test Series VII consisted of the construction and evaluation 
of a 500' weir from the right bank. The test data form Table 3.3 and 
the resulting flow function is shown by Figure 3.6. The ranges in the 
measured quantities were: 

Discharge - 15,000 cfs to 100,000 cfs 
Headwater elevation - 680.4! to 695.7! 
Tailwater elevation - 672" to 690! 

By comparison of the solution curves of Figure 3.6 with those 
of Figure 3.4, it becomes obvious that the sensitivity of headwater 
elevation to discharge is greater for the weir of Test Series VII than 
for the weir of Test Series V. In fact, overbank flow (in the reach 
upstream from the structure) seemed imminent at any discharge much in 
excess of 100,000 c.f.s. 

As no problems arose during construction of the weir for this 
series of tests, the core was completed with Class II material. A 
small amount of erosion occurred, due to the existence of small eddies 
around local irregularities in the bed, but this did not result in any 


instability during subsequent testing. 
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TABLE 3.3 
RESULTS OF TEST SERIES VII 


DISCHARGE HEADWATER TAILWATER COMMENTS 
C(cfser107) ELEVATION (GSC) ELEVATION (GSC) 
35 69D 688 
687.8 686. 
686.5 684 
685.7 682 
685.3 680 
685.2 678 
685.2 676 
50 690.4 688 
639.3 686 
688.5 684 
688.1 682 
68769 680 
687.8 678 
687.8 676 
70 O92 a2 688 
691.5 686 
OO sel 684 
691.1 682 
100 6957 690 Flow over crest of weir 
Coo 688 
695.0 686 
694.7 684 


694.7 682 
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Oat Test Series VIII, Interpretation of Results 

The structure from the preceding test series was extended 
50' with Class II material to a total length of 550'. No stability 
problems were encountered during construction or testing. However, some 
minor wave action against the left bank was evident at a distance of 
approximately 1500' downstream from the weir. 

The test data are contained in Table 3.4 and Figure 3.7 provides 
their graphical analysis. The curves show that for a given discharge- 
tailwater condition, the weir of Test Series VIII results in a higher 
headwater elevation than that for any other weir, with the exception of 
Test Series VI. This was verified when overbank flow occurred in the 


model at a discharge near 100,000 c.f.s. 


Sirus: Velocity Measurements 

In order that the feasibility of navigation past the weir might 
be determined, the velocities of flow through the notch were measured. 
The velocities, which were measured by means of a miniature velocity 
probe, were the means (in the vertical) on the channel centerline. 
Table 3.5 contains the maximum velocities (mean in the vertical) of 
flow through the notch for various test conditions. In general, the 
maximum velocity occurred at a distance of 200' to 300' downstream from 


the weir centerline. 
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TABLE 3.4 
RESULTS OF TEST SERIES VIII 


DISCHARGE HEADWATER TAILWATER COMMENTS 
(cfs x 10 -) ELEVATION (GSC) ELEVATION (GSC) 


15 688.7 688 
686.8 686 
685.1 684 
683.3 682 
682.1 680 
681.4 678 
681.2 676 
681.2 674 
ate. 689.0 688 
OSes 686 
685.9 684 
686.8 682 
684, 2 680 
684.0 678 
683.9 676 
= 689.8 688 
688.4 686 
687.4 684 
686.7 682 
686.3 680 
686.3 678 
686.0 676 
686.0 674 
686.0 673 
50 oe Di eed! 688 
690.1 686 
689.6 684 
689.3 682 
689.1 680 
689.1 678 
70 69372 688 
COZ a7 686 
692.4 684 
bY2s5 682 


WATER LEVEL ABOVE RAPIDS (GSC) 


696 mH 


ne 
_. ae 
Cee 


aa 


HE i HE 
Hat ne ee 


nu Ha HUH Beanaee! oe Peg A 
aie Top HE ie 


ae 


Co Eu 


F119 


ae 
Ht 


: 
| 
HE 
ul 


ay 


EEE 
i 


HH 
a 
THEY a ee ae 
a H ce HH Ve | Z| HH : : i 
nettie Ly “Allee, a. He Hh i 
rst EAT ETD EH ae 
Rn inl ea, Hi AE EEE Hi 
i HEHE i att ne Htiifitet rH HEHE 
HEE ee 
ne eet = ro | 
ae CE iy jy TELE a an ate a see 
ee eat anti te if / | int _ cy HTS He Stasis itt 
cee a Gi i al Snes a 
tie — 
/ Fava ee a HTT Ee 
fu FFERESHHEE EEE EEL HER HERE ceeead FELL JETER. pea ieeee 


RIVIERE DES ROCHERS 


WEIR A-4 


BELOW RAPIDS (GSC) 


CONTOURS INDICATE WATER LEVEL 89st 


BERS 
nA . i at sy Hott HE ane BRE GRHEe ARES Pe RRP RRS ee 


0) 20 40 60 80 100 


DISCHARGE (cfs x 107°) 


F120 


TABLE 3.5 


Maximum Mean (in Vertical) Velocity (ft/sec.) of Flow Through Notch 


TEST SERIES V Vi Vil VIIL 
DISCHARGE 
(cfs) 
15,000 T7eLECO74) 16.1 (674) 16.1 (674) 
25,000 21.0 (676) 18.7 (674) 17.9 (676) 
35,000 22.6 (673) 17.0 (676) 18.7 (674) 
50,000 22.6 (678) 25.2 (676) 23.6 (678) 
70,000 205320682) 27.6 (680) 
100, 000 26.9 (682) 


Numbers in parentheses indicate tailwater elevation during 


velocity measurement, 


Bho) Conclusions 

The relations which describe the behaviour of flow through four 
variations of the partial rock weir are shown by Figures 3.4 to 3.7. 

No difficulty is anticipated in the construction of any of the 
weirs except that of Test Series VI (built from left bank to a length 
of 650'), This variation of the partial rock weir would result ina 
considerable increase in the volume of core material over the amount 
required for the original design shape, because of the loss of material 


(due to erosion) during the construction of the last 100', 
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CHAPTER IV 


Conclusions 


a Backwater Effect 


If we take one particular set of flow conditions and compare the 
resultant upstream water surface level produced by each of the structures 
modelled, it will provide some idea of the relative effectiveness of 


them to act as a water-level control. 


Test Series Discharge Tailwater Upstream 
Elevation Water Level 
1 Rock Weir (25' high) 70 ,000 682.0 686.7 
2 Rock Weir (Impermeable Core) 70 ,000 682.0 687.5 
4 Rock Weir (10' high) 70 ,000 682.0 687.8 
5 Partial Weir (from left bank) 70 ,000 682.0 688.5 
6 Partial Weir (from left bank) 70 ,000 682.0 694.5 
7 Partial Weir (from right bank) 70 ,000 682.0 691.2 
8 Partial Weir (from right bank) 70 ,000 682.0 692.2 


The greatest backwater effect is produced by the weir in Test 
Series 6. However, only a maximum discharge of 70,000 c.f.s. could be 
put over the weir before bankfull level was attained. Whether or not 
one would worry about the consequences of permitting overbank flow to 
occur is not for us to speculate in this report. 

The partial weirs all caused a greater backwater effect than that 
produced by the rock weirs. 

The most desirable design appears to be a partial weir as tested 


in Test Series 5. 
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4.2 Embankment Stability 


lt appears that the rock sizes, and method of construction 
specified for the rock weir is satisfactory. None of the tests during 
practical conditions of outflow produced any significant instability in 
the structure. 

Testing during Test Series 6 (partial weir) indicated that either 
the rock material should be increased in size during construction of the 
last fifty feet or a certain percentage of rock volume over and above 
that required for the design section, would be required to compensate 


for transport of dumped rock downstream during construction. 


43 Navigation 


Construction of a rock weir would eliminate any future use of the 
channel for navigation. Also it appears that velocities through the 
notch of a partial weir would be in excess of 15 ft./sec., probably 


making it impossible for barge traffic to pass through. 
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FIGURE A-] 


Test series #1. 
25' high wier before start of testing. 


FIGURE A-2 


Test series #3. (reverse flow) 
Q = 187.5 cfs/ft. width. 
Headwater elevation = 692.3'. 
Tailwater elevation = 678'. 
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FIGURE A-3 


Test series #1. (normal flow) 
Q = 250 cfs/ft. width. 


Headwater elevation = 686'. 
Tailwater elevation = 696'. 


FIGURE A-4 


Test series #1. (normal flow) 
Q = 130 cfs/ft. width. 
Headwater elevation = 689.4'. 
Tailwater elevation = 678'. 
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FIGURE A-5 


Test. serleseyL.seainormal flow) 
O:= 250ucfs/ft<. width. 
Headwater elevation = 686'. 
Tailwater elevation = 696'. 


FIGURE A-6 


Test series #1. (normal flow) 
Qr= 130) cfs/ftt avidth. 
Headwater elevation = 689.4'. 
Tailwater elevation = 678'. 
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FIGURE A-7 


Test series #4. 
10' high wier before start of testing. 


FIGURE A-8 


Test Series #4. 

Q = 187.5 cfs/ft. width. 
Headwater elevation = 693.6'. 
Tailwater elevation = 674.5'. 
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FIGURE A-9 


Headtank and sharp-crested triangular weir 


FIGURE A-10 


Headwater elevation sensor 


FIGURE A-11 


Tailgate and tailwater elevation sensor 
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FIGURE A-12 


Material used in model of partial rock weir. 
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FIGURE A-13 


Rapid section at construction 
conditions. 
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FIGURE A-14 


Test series V. 
Core built to length of 350'. 
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FIGURE A-15 


Test series V. 
Core built to length of 450'. 


FIGURE A-16 


Test series V. 
Core™ buliliteco endthech 550% 
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FIGURE A-18 


Test Series V. 


Completed Partial Rock Weir. 
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FIGURE A-19 


Test Series VI. 

Nose of Partial Rock Weir 
showing erosion of core 
material. 


FIGURE A-20 


Test Series VI 
Nose of Partial Rock Weir showing erosion of core material. 
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FIGURE A-21 


Test Series VI. 
Nose of Partial Rock Weir after placement of rip-rap. 


FIGURE A-22 


Test Series VI. 
Nose of Partial Rock Weir after placement of rip-rap. 
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ICE DAM 


PEACE-ATHABASCA DELTA 


INTRODUCTION 

The natural flood conditions on the Delta can be approximated by a 
summer flood to elevation 691.5 about once every five years. This 

could be accomplished by a temporary dam located on Riviére des Rochers, 


the major outlet of Lake Athabasca. 


Fig. 1 shows the Lake Athabasca levels which could be expected during 
high, average, and low inflow years with Riviére des Rochers, tempor- 


arily dammed from early winter until summer. 


This indicates that the temporary dam would be required to remain in 
place until mid-June in a wet year, mid-July in an average year, and 
about early August in a dry year, in order to bring the lake to the 
desired level. The most economical temporary structure capable of 


meeting this requirement appears to be an ice dam. 


Much of the preliminary research work required for construction of an 
ice dam has been done in Canada, beginning with MacLaughlin (1924) and 
Barnes (1928) on the St. Lawrence River and more recently by Kivisild 
(1959), Michel (1965) and many others. The early work was concerned 
with the mechanics of ice formation and the removal of ice jams. The 
recent work has dealt with the detailed mechanics of ice cover forma- 


tion on rivers, and hanging ice dams associated with jamming. 
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Williams (1959)* working at the National Research Council Laboratories 
has studied the heat transfer and rates of ice formation in both ice 
covered rivers and in open water. Limited data on the freezing rates 
of water pumped on top of ice is available from ice bridge building 
experience. Balsenga (1968), with the U.S. Army Corps of Engineers, 
has weno tad an extensive review of experience with river ice jams from 


the point of view of their prevention or removal. 


The broken ice and water mass of an ice jam can be consolidated by 
freezing with the use of cryopiles. Some studies on cryopi les, which 
are metal pipes containing a heat transfer liquid, installed vertically 
with about one-half their length exposed to the atmosphere, have been 
described by Hoffman* and Culbertson (1970). These studies were done 


in the Arctic sea off Point Barrow, Alaska. 


The Present concept is to dam the Riviere des Rochers by creating an 
artificial ice jam and to build up and consolidate part of this jam 
with the use of cryopiles to form a solid block of ice frozen to the 
river bed. This ice dam would then be preserved in place until the 


required flood level of Lake Athabasca has been reached. 


THE SITE 
The site selected is at Little Rapids on Riviére des Rochers as shown 


in Fig. 2. This is the only known site on the Riviére des Rochers 
Fe 


Comments or summaries. from these authors are given in Appendix B. 


Sy SP ets 


Seri PRR SRA eh 


OF Saree ROE yt 


SENG TIARA lant 1 rT Go 


Ait gin Re 


ND SR A PORE Shs STEEL a BU EN oe tee 


Grouse Cape 
O Pine | 


Ag k ETE ONS Ye EES A a 


cEnglish OLo 
=A D~ 
a Potatge; 


10 
/ Mouse | 


bstick | 


: ae 5 a 
f i ASQ “po 
.~ 
( \ IN 
4 Nee < Ney ur, eS 
a Of )/ ) » YY J #@ 


ae / SL? : DEPARTMENT OF THE ENVIRONMENT 
Sm) AY WATER RESOURCES DIVISION 


; = MAMAwWI 
Y Ea ae \ 
a ae HYDROLOGY BRANCH 


SE 
r 
== 


PROPOSED 
ICE DAM SITE 


ih Se RAD A Ta OE RN AY RRS ASME tos TC SALE 


-_ : baths 2 » 9Q° >\f Peace-Athabasca | Designed by: $= | FIG 2 


r 


where a bedrock bottom exists. Any other location, where the bed is 


fine sand (0.1 mm or less), would be subject to unpredictable erosion 


during river closure. 


Fig. 3, River Bed Contours at Little Rapids, shows the main channel is 


constricted to about 200 feet in width, and the bottom is about eleva- 
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tion 655 through the constriction. Within less than 1,000 feet upstream 


and downstream of the constriction, the normal river width of about 
1,000 feet, and normal thalweg elevation of 640, are resumed. Water 
level at the Peace River for no flow in Riviére des Rochers would be 
about elevation 670 in December, whereas Lake Athabasca levels would 
be between elevation 682 and 684 at that time. Prior to river closure 
the water surface level downstream of the rapids would be at about 
elevation 673 and on the upstream side about elevation 675. Within a 
very few hours after closure of the river the downstream level would 
drop to about elevation 670 and the upstream level increase to that of 
Lake Athabasca. The initial difference in water level across the dam 


could thus be as much as 14 feet. 


In order to prevent sliding of the structure when it is subjected to 


its ultimate difference in water level of about 21.5 feet, the ice dam 


should extend about 500 feet downstream of the constriction and be about 


20 percent thicker than the water depth. A maximum ice thickness of 


from 60 to 65 feet is thus required over the thalweg near the downstream 


end of the dam. 
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It is vital that no seepage take place through or at the bottom of the 
ice dam during summer since the heat available from a prolonged flow 
of water, even at low velocity could cause failure. To prevent this it 
is necessary to freeze the entire ice mass initially, and to provide 
some means of removing heat which reaches the under side from deep in 
the earth. Heat flow due to the geothermal gradient is roughly 


1.2x10-6 cal/cm* sec. or 1.6x10-2 BTU/ft2 hour, Bullard (1954). 


Thawing of the top of the ice can be kept to an acceptable rate by 
covering the structure with earth or sawdust as was done in ice houses 
in the past. Plastic sheet covering to prevent infiltration of rain is 
also desirable. The ends of the dam in contact with water must be pro- 


tected from wave action by coarse gravel or broken rock. 


RIVER CLOSURE 


Freeze-up on the Riviere des Rochers occurs in late October or November. 
When the water temperature reaches 32°F a solid ice cover begins to form 
along the banks, but because of the turbulent current, water in the 


central channel becomes slightly supercooled and frazil ice forms. 


Frazil ice particles are about 75 microns in diameter and because of 


their small size are carried beneath the surface by turbulent eddies. 


Frazil particles tend to stick together and then to rise to the sur- 
face, freezing more solidly into ice ''pans'' as they float along. These 


ice pans become more numerous and closely spaced as the weather grows 


colder, and as they move downstream from the lake. Finally a stage is 


reached where the pans cover the river surface and a shallow surface 
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ice jam occurs; this is generally at a bend or constriction. The 
initial jam at any point may fail to hold, but eventually a stable 

jam occurs and the cover begins to build upstream by pans arriving sub- 
sequently. Kivisild (1959) has shown that an ice cover will build up- 
stream if the Froude number of the flow is less than about 0.08. 


—_ 
. 


Prat joa 


sh 


where V is the mean velocity in feet/sec., h the hydraulic mean depth 


2 


0.08 


and g, 32.2 feet/sec. 


Detailed freeze-up observations are not regarded as necessary, but a 
site inspection in mid-December 1971 indicated that an ice cover begins 
to form at some point downstream of Little Rapids and builds upstream 
to within a few hundred feet of the constriction, at which point the 
Froude criterion is exceeded. The presence of a hanging dam at least 
10 feet thick containing large pieces of ice in the centre of the river 
downstream of the rapids in December 1971, probably indicates that a 
cover did not begin to form on the upstream side of the constriction 
until some time after the downstream cover was complete. Open water 

is known to exist throughout most, if not all, of the winter from the 
constriction to a point a few hundred feet downstream and to have a 
width of about 200 feet. Plate A68 shows the open water in December 
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The hanging dam just downstream from the constriction is the best loca- 


tion for an artificial jam since a mass of ice forms there naturally 


and the high velocity at the constriction can be used to carry ice 
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blasted free upstream under the cover to increase the depth of the 
hanging dam, ultimately creating a jam which closes off the river. 
The effort required to freeze solidly the broken mass of ice in the 


hanging dam is much less than that needed if no ice was present. 


Initial steps toward closure of the river should begin by flooding the 
ice on either side of the main channel as soon as average daily tem- 
peratures reach about 15°F. When a strong cover has formed on the sides, 
cryopiles would be placed in the flooded area shown cross-hatched on 


Figure 4 and ice build-up continued as rapidly as possible by direct 


flooding and by sprinkling. 


When the ice cover upstream from the constriction had thickened to 12 
to 18 inches, blasting upstream ice to augment the naturally occurring 


hanging dam downstream from the throat would be started. 


Model tests, reported in Appendix E of this report, carried out in a 
1:100 scale model using blocks of polyethylene to represent ice indicate 
that the hanging dam will build up over the width of the river and will 
extend 500 to 800 feet downstream from the constriction. According to 
Kivisild (1959) the hanging dam will build downward UNnELL, at a. f low Jof 
20,000 c.f.s., an equilibrium water depth .of )/stogl0’ feet would exist at 
the downstream end of the dam as shown on Figure 4. If the flow was 


40,000 c.f.s. the equilibrium depth would be about 15 feet. 


The model results show smaller equilibrium depths. 
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The equilibrium gradient of energy head beneath the hanging dam would 


be about 0.8 feet/1,000 feet for 20,000 c.f.s., so the change in water 


level across the rapids due to the hanging dam would be well under one 


foot. A smaller decrease in water level would occur downstream. 


Continued slow feeding of broken ice to the hanging dam would increase 


its length in the downstream direction and increase the energy loss in 


proportion. 


Model tests have shown that the rapid release of large ice pieces, of 
the same order of size as the opening beneath the dam would be drawn 
underneath, blocking the opening. Thus when the hanging dam has been 
slowly built to equilibrium he using small (4 to 10 foot) ice floes, 
closure would be made by the sudden release of a large quantity of 


larger pieces. 


The quantity of fine ice particles released when blasting out floes in 
the river above the constriction is not likely to be sufficient to Fully 
plug the interstices in the hanging dam and in addition it is possible 
that the river water would be a few one-hundredths of a degree above 
freezing and so could cause some melting in the dam. Installation and 
Operation of an air bubbler system upstream from the constriction would 
create a heat loss which would ensure slight Super-cooling of the water 
and some frazil ice production. Williams! (1959) data for heat loss 

from an open water surface shows an air temperature of -20°F above open 
water will remove about 120 BTU/ft2/hr. For a river flow of 20,000 c.f.s. 


at an initial temperature of 32.19F it is necessary to remove 
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Peer 10° BTU/hr. An open water area of about 60,000 ft? would there- 
fore be required to cool the water to the freezing point. The air bub- 
bler systems should thus extend across the river and upstream for 60 
feet per 0.1°F of water heat available. The water temperature in 
December is believed to be less than 32.1°F but it appears prudent 
to allow a safety factor of about 10 here, firstly to overcome water 
heat and secondly to produce frazil ice in abundance. For an air 
bubbler system covering 600 feet of 1,000 feet wide river, the mean 
December temperature of -2°F (-19°C) would remove about 72 x 10° BTU/hr. , 
sufficient to cool the water np pa and to produce 450,000 Tee of tirazil 


ice per hour, with a volume of about 7,800 cubic feet. 


The air bubbler system would consist of weighted plastic pipes laid on 


the river bed during open water. The end of each pipe would be buried 


in the bank so that static water level was below the frost line. It 


would be started as soon as a firm ice cover exists, at that point and 


run continuously until closure. 


Design of air bubblers is discussed in Proceedings of the Symposium on 
Air Bubbling, National Research Council, Technical Memorandum No. 70%, 


Ottawa, 1961. 


Erosion beneath the dam is to be expected in areas where a sand bed 


exists unless the bed is protected. It is also necessary, at least dur- 


ing the first trial of the ice dam, to be able to remove heat from the 
base of the dam should temperatures there rise to near thawing tem- 


peratures during the summer. A series of coolant pipes laid on the bed 
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before construction of the dam starts. can be used to freeze the bed 
prior to closure, to help extract heat from the ice-water mass dur- 
ing build-up of the ice mass, and to cool the ice during summer months 
should this be found necessary. It is proposed that the coolant be 
diesel oil, kerosene or calcium chloride brine. The coolant should be 
stored in shallow, open surfaced ponds set well up on each river bank 


and should flow by gravity through the cooling pipes into collector 
pipes running parallel to the shoreline at about elevation 675. The 
coolant would be pumped from the collector pipes back into the ponds 
where it would be discharged through nozzles suspended above the sur- 
face in order to achieve a maximum cooling erreer In summer the ponds 
and collecting pipes would be disconnected so that a portable refrigera- 


tion unit could be attached to the pipes to cool the base of the dam as 


required. 


It must be recognized that the first attempt at closure may not be suc- 
cessful because the downstream ice sheet may ''telescope'' under the 
hydrostatic forces involved. Telescoping, which is a horizontal com- 
pression of the hanging dam will strengthen the dam and the final 
closure attempt can be repeated until successful. It is advisable to 
build the hanging dam to equilibrium depth as early in the winter as 
possible. Failure on the first attempt would not be serious and success 


would increase the time available to build up the required ice mass. 


The water surface elevation on the upstream side of the dam will in- 


crease rapidly to Lake Athabasca level within a few hours after closure 


and the downstream surface will fall to the level of the Peace-Riviére 
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des Rochers confluence in an even shorter period. The rise in level on 
the upstream side will force water over the ice at the upstream end of 
the dam and, unless an ample supply of blasted ice from upstream is 


available the closure might fail because of overflow. 


DAM CONSTRUCTION 


Immediately after closure a double row of cryopiles, preferably 8 inch 
diameter steel pipes, 50 feet long, at 5 foot centers containing diesel 
oil or kerosene as a heat transfer medium should be placed across the 
constriction. The first cryopiles can be placed by cranes working from 


either bank. 


A log reinforced ice bridge should be built across the jam at the con- 
Striction and used as a base for the cranes installing the remaining 


cryopiles. 


When the upstream cryopiles are in place, a single row of longer piles 
should be installed in the same manner across the downstream end of the 


dam. 


Both upstream and downstream rows of cryopiles must be left in position 
throughout the winter in order to get maximum cooling at these areas 
and to freeze the subsoil or rock to the greatest possible depths. The 


frozen subsoil will act as a cutoff wall, limiting under-seepage. 


Build-up of ice by direct flooding, and spraying, would be started over 


the main body of the dam immediately at closure. Following placement 
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of the up and downstream cryopiles, the other cryopiles should be in- 
stalled throughout the body of the dam. The cryopiles in the main dam 


should be placed at about 20 foot centers. The probable rate of freez- 
ing of the ice-water mass around these cryopiles is discussed in 


Appendix D. 


Ice build-up on the surface of the dam and freezing of the ice-water 
mass by the cryopiles must be continued until the ice surface is at 


an elevation such that the thickness of ice at any point is at least 


20 percent greater than the maximum elevation of a line drawn from maxi- 


mum upstream water level to downstream water level. The density of the 


ice produced must be measured as it is built up and this used to check 


Stability and to revise the 20 percent figure upward if necessary. 


The cryopiles should be removed about the end of March. This can be 


done by pumping out the heat transfer fluid and melting the bond by 


means of a steam generator prior to lifting with a crane. 


Two thermisters to measure temperature of the ice mass should be placed 
in cryopile holes: at about 100 foot spacing throughout the dam. These 


should lead to wooden posts firmly embedded in the surface ice. The 


electrical connections should be about 6 feet above the ice. 


PROTECTION FROM MELTING 


Gravel and/or crushed rock protection up to elevation 693 on the up- 


Stream side and 685 on the downstream side should be placed during the 
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VI. 


month of April. The blanket should be about 3 feet thick. It will 


probably be necessary to blast a trench through the surface ice at 


these points in order to place the rock. 


Earth and/or sawdust from 2 to 3 feet thick should be placed over the 
surface of the dam. If this is frozen it should be leveled and then 


covered with plastic sheeting. 


The thermisters should be read at weekly intervals throughout the 
summer and a plotted record maintained in the construction Citi. Ce mms 
the bottom temperature rises above 30°F, artificial refrigeration should 


be applied by means of the bottom cooling pipes. 


DAM REMOVAL 


In order to prevent large blocks of floating ice, the dam should be 


removed by a large number of dynamite charges set deep in the struc- 


ture. This would crack the mass into smal] pieces and allow water to 


seep through and complete the demolition. 


CONSTRUCTION SCHEDULE 


Figure 5 shows the approximate construction schedule required. The 


dates are weather dependent during November and December. 


GI7 


Aine =3aNnnar AWWW 2 udVY «6h O34 


eee | 


ci 


NVE ‘030 ‘AON 190 ‘1d3S 


(LNSQN3d30 Y3HLV3M) 


a + 


Je alva 3unsold 31eveoud 


WVQ 3AOW348 


TVANNVHD 3diS 38019 


Va HLYV3 
NOILVIASNI 30V4YNS 3DVI1d 


SON3 WV3YLSNMOG 8 WV3e1Sdn 
1V NOILOSLOUd TISZAVYS 39V1d 


NOILVITVLSNI 311dOAYD 


39! QS394¥O4NIZH GOOM 


SSVW 391 4O NOILONYLSNOD 


ONILSV1a 39! 


W31SAS 431009 3LvY3adO 


y31gEnd YIV 31ivyu3ado0 


S3did 431009 TI1VLSNI 


S3did Y¥318ENd YIV TIVILSNI 


WVO 39! YOS4 JAINGSHDS NOILONYLSNOD 3718vsoOud 


GS ‘9ld 


G18 


LIST OF REFERENCES 


Barnes, H.T. (1928); ''lce Engineering'', Renonf, Montreal. 
Balsenga, S.J. (1968); ''River Ice Jams'', Dep't. of the Army, 

Lake Survey District, Corps of Engineers, Research Report 5-5. 
Bullard, S.E. (1954); "The Interior of the Earth'', in The Solar 
Systems, edited by G.P. Kuiper, Vol. 2 The Earth as a Planet, 

pp 751, University of Chicago Press, 1954. 

Gold, L.W. (1960); ''Field Study on the Load Bearing Capacity 

of Ice Covers'', Woodlands Review, Pulp and Paper Magazine of 
Canada, Vol. 61, No. 5, May 1960, pp. 11-153. 

Hoffman, C.R. and Culbertson, T.L. (1970); "Ice Construction, 
Investigation of Accelerated Bottoms - Freezing Techniques'', Naval 
Civil Engineering Laboratory, Port Huerreme, California 93041. 
Kivisild, H.R. (1959); ''Hanging Ice Dams'', Proceedings Eighth 
Congress |1.A.H.R. Montreal, 1959. Vol. III. 

Long (1963); ''The Long Thermopile!', Proccedings, International 
Conference on Permafrost, Purdue University. 

MacLaughlin (1924); "St. Lawrence Waterway Project: Report of 
Joint Board of Engineers'', Appendix E, P. 406. 

Michel, B. (1965); "Les Metamorphoses du Frazil on Rivieres'', (The 
Metamorphosis of Frazil in Rivers) Transactions of the Engineering 
Institute, Vo. 8, No A-S. 

Williams, G.P. (1959); "An empirical method of estimating total 
heat from open water surfaces'', Proceedings, Eighth Congress, 


1.A.H.R., Montreal, 1959, Vol. 1. 


G19 


APPENDIX A 


PHOTOGRAPHS 


“ur 


A-] 


Overall view of ice making site looking upstream on Riviere 
des Rochers. Note the winter road crossing just downstream 
of site. 


Overall view of site showing plots 1, 2 and 3 with cryopiles 
on extreme right upstream. 
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A-3 Ice-making experiment at Lambton Park using two 10,000 
gallon tanks. 


A-4 Peace-Athabasca Delta Project Camp in Fort Chipewyan used as 
base of operation during ice making experiment. 
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A-5 Electric plant used to operate fbeod lamps during night-time. 


A-6 Grid posts (2'' x 2'') used to indicate depth of ice formed. 
Shacks in background used to house pumps and light plant. 
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het) 


Views of cracks that 
developed in plots 2 and 

3 during and after flooding. 
No cracks were observed 
wider than 1$''. 


A-8 


9 


A ae as 


A-9 Placement of 40 foot cryopile into hole (bottom left corner) 
in ice using helicopter. This method was abandoned after 
placing 2 piles because of the dangers involved. 


A-10 Giving signals to helicopter during placement of cryopile. 
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A-11 Placement of cryopiles using bin pole attachment on loan 
from Alberta Power. 


A-12 View of six original cryopiles - placement comp leted 
February 11, 1972. 


oe 
ss soe : 


A-13. Filling cryopile 1, 2, 5 and 6 with diesel fuel from tank 
truck - February 1], 1972. 


A-14 Preparing cryopile site with windbreaks for divers. Note 


freon from empty bottles on right has been bled into cryo- 
piles 3 and 4 - February 15, 1972. 
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A-15 


Divers preparing to swim 
below the ice and take 
measurements of cryopi les. 
Note that the single dia- 
phragm regulator worn by 
the diver below usually 
froze up under water but 
the double diaphragm worn 
by the diver above did not. 


A-16 
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A-17 


Views of divers in access 
hole preparing to swim 
below the ice to measure 
cryopi les. 


A-18 
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A-19 
Top measurement of 
cryopile #1, 2.8' diameter. 


A-20 Cryopile #1 middle measurement = 2.5' diameter. Top portion 
has been chipped away to facilitate removal of pile. 
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A-21 Cryopile #2 top diameter 2.6' - Some ice near the top broken 
off during removal. 


A-22 Cryopile #2, middle diameter 2.2'. 
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A-23 Cryopile #2 - bottom diameter 2.0'. Note hemisphere of 
frozen silt at bottom of pile. 


A-24 View of bottom end of cryopile #2. 
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A-25 


Cryopile #3 showing total 

amount of ice remaining at 
time of removal. Note no 

ice at base of pile. 


A-26 


Cryopile #3 middle diameter 
1.6'. 
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A-27 


Cryopile #4 top diameter 
3.5'. Note curvature at base 
of river ice marked by drill 


holes. This pile was the 
largest of all. 


A-28 


Cryopi le #4 middle diameter 
je a 
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A-29 


Cryopile #4 bottom diameter 
with frozen silt at bottom 
end of pipe. 


A-30 


Cryopile #4 showing depth 
of frost penetration into 
silt bed about 1.7'. 
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A-31 Close-up view of silt frozen onto bottom end of #4 cryopile 
(Freon 12) 


A-32 Cryopile #4 - note that most of the ice has been removed to 
facilitate removal. 
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A-33 


Cryopile #6 top diameter 
2.9. 


A-34 


Cryopile #6 middle diameter 


2.4". Note rope frozen into 
ice - left there by army 
divers. 
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A-35 


Cryopile #6 bottom diameter 
1.7'. Note hemisphere of 
frozen silt on bottom. 


A-36 


Cryopile #7 total tice on 


pile. Note no ice at base 
of pile. 
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A-37 


Cryopile #7 top diameter 
1.7'. Note curvature into 


bottom of river ice. 


A-38 


Cryopile #7 middle diameter 
1.4'. 
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A-39 Operation of sprinklers - note how wind carries much of the 
fine spray away from the plot. 


A-4O Plots 1 and 2 showing how ice was formed by sprinklers. 
Note operation here in plot | only. 


G4] 


A-41 Initial sprinkler operation with no insulation on pipes. 
System eventually froze up. 


A-42 Final method of sprinkler operation with pipes insulated 
and elevated. Constant handling of pipes was thus done 
away with, eliminating pipe damage and shut down time for 


blocking. 
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A-43 One of the Buckner impact sprinklers before operation. 


I, Tsetencs” Way, PM Bente, 


# 


A-4h 


Impact sprinkler during 
operation. Note that 


driver is inoperational and 
insulation has been added 
to pipe. 


A-45 Removal of ice from pipes with propane torches. Note high 
pressure pump located in heated shack. 


A-46 Leaking pipe joints was one of the problems encountered 
during the experiment. 
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A-47 Pile of ice removed from 4-inch pipe prior to installation 


of heat tape and insulation. 


A-48 Formation of ice inside pipes before use 
insulation. 


of heat tape and 
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A-49 Sprinkler operation in plot | -- note ice build up on grid posts. 


A-50 

Sprinkler operation with 
heat tapes and insulation 
around pipes held above 
the ice by blocking. 
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A-51 
Ice buildup on grid posts 


which formed during 
sprinkling on plot |. 


A-52 
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A-53 
Night-time operation of sprinklers on plots | and 2. 


A-54 
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A-55 Aerial view of plot 3 which was flooded using a 6-inch low 
head pump. Dikes around plot were meant to retain water in 


the plot. 


A-56 Shack used to house 6'' pump for flooding. Suction hose and 
discharge hose can be seen leading away from shack. 
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A-57 View of flooding operation onto plot 3 using 6-inch discharge 
hose. 


A-58 Aerial view of plot 3 shows water leakage through snow dikes. 
Sprinklers can be seen in background and cryopiles in fore- 


ground. 
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A-60 


Ice made by 
layers. 


A-59 


Method used to obtain ice 

blocks for density measure- 
ments. Water in hole comes 
from lenses of water which 
didn't freeze during flood- 


ing. 


flooding is characterized by various colored 
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A-61 


Measuring the thickness of 
the ice lifts. 


A-62 Trimming the blocks of ice preparatory to measuring and 
weighing for density calculations. 


G52 


A-63 


Typical sample of clear 
original river ice taken 
from below the ice made by 
flooding. Density about 
55 lbs./cu. ft. 


A-64 


Sample of original river 

ice that was full of river 
silt. Also taken from below 
the ice made by flooding 

but in a different location 
from the one above. Density 
about 55 lbs./cu. ft. 


G53 


A-65 Sampling from a mound of "'snow-ice" that was formed by the 
fine spray of the sprinklers. Note the length of grid post 
still showing. Top of posts were 10 ft. above river ice at 
start of experiment. 


A-66 View of top of snow-ice mound. Density about 30 Ibs./cu. ft. 
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A-67 Riviere des Rochers looking downstream at site of Little 
Rapids. Water usual ly remains open here throughout the 


winter. 


A-68 Open water at Little Rapids site. Mounds to the left of 
open water are bed rock. 


A-69 


Placement of explosives in area (L. Center) upstream of 
open water. 


A-70 Explosion #1, 2 to 24 lb. charges - Feb. 20, 1972 - 


(total 1624 Ibs.). 
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A-71 Explosion #1 - large floes breaking away from main ice 
adjacent to charges. 


A-72 After explosion #1 more large ice floes breaking away from 
right side because of shock wave through the water. Notice 
the crushed ice floating downstream from the immediate area 


of the charges. 
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A-73 After explosion #1 notice the difference between the crushed 
ice from the blast area and the larger floes which broke away 
from the main ice. 


A-74 After explosion #1 the crushed ice tends to jam at the surface, 
but note how the larger floes tilt downward and are taken 
under the surface ice. 
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A-75 After explosion #1 - note the edge of one large f loe 
(1' to 2! thick) that has been drawn under by the current. 


A-76 Explosion #2 - 24 lb. charges (total 44 lbs.), Feb. 20, 1972. 
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A-77 After explosion #2, very few large ice floes, mainly crushed 
ice from blast area. 


A-78 Explosion #3 - 1 Ib. charges on 3 yard centers - total 29 Ibs. 
Feb. 22, 1972. 
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A-79 


Ice floes resulting from 
blast #3. Smaller charges 
(one 1b.) appear to give 
better results, i.e. large 
blocks of ice with less 
crush ice. 


A-80 


Gél 


A-81 Explosion #4 - one 5 1b. charge - other charges misfired. 


A-82 


After explosion #4 - very 
little crush ice and one 


very large ice floe. 


ae 
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A-83 Explosion #5 - 40 1b. surface charge - only result was 4 ft. 
diameter hole in ice. 


A-84 Final view of downstream end of open water. It appears as 
though only the thin ice from the initial explosion was 
drawn under the ice. The following heavier ice remained 
mainly on the surface. 
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LITERATURE REVIEW 
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APPENDIX B 
Review of Literature 


The following material is a summary of references which were considered 
important to the technical background for the ice dam project. Thermopiles, 
cryopiles or cells all mean in general the same thing. 

}. "Ice Construction - Investigation of Accelerated Bottom-Freezing 
Techniques''; Technical Note N-1078 by C.R. Hoffman and L.R. Culbertson, 
February, 1970; Naval Civil Engineering Laboratory, Port Hueneme, 
California. 

This technical note reviews possible methods for accelerated bottom growth on 

existing ice sheets and describes laboratory and field tests on the convection 


cell, a form of heat pipe operating by convection circulation. 


Any ice-growth system to be used in remote areas must be: 

1. Installed and operated with minimum equipment and man-effort. 

2. Operable with minimum external power. 

3. Capable of producing the required growth in minimum time. 

4. Configured for easy installation and recovery and minimum interference 
with related surface activity. 

2. Consistent with design maintenance criteria for preserving and stabilizing 


the ice structure. 


Numerous techniques suggested for ice growth and bottom thickening fall into 
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three general categories; recirculating fluid, cold-fluid injection, and ice 
injection. All would produce an increased ice thickness on the underside of 


a floating ice sheet. 


Recirculating-fluid systems for accelerated ice thickening may be classified 
according to decreasing external power requirements as follows: vapour- 
compression refrigeration systems, mechanically circulated liquid systems, 


and free-convection fluid systems. 


Vapour-Compression Refrigeration 

In these systems the working fluid, an amonia or freon refrigerant, is used to 
cool a less expensive secondary fluid. The secondary fluid is then circulated 
through buried freeze points to promote freezing. These have the advantage of 
promoting fast freezing at any ambient condition. This method has a high 
initial cost, high operating cost, and severe logistic limitations in remote 


regions. 


Mechanical Circulation 

When surface air temperatures are below freezing a fluid cooled to sub-freezing 
temperatures in heat exchangers at the surface, can be circulated through 
freeze points below the ice. Machinery and external power requirements for 
this system are substantially less than those for vapour-compression refrige- 
ration but would still require extensive operational monitoring and logistical 


Support. 


Free Convection Fluid 


Two basic systems have been used to stabilize piling placed in permafrost. 
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These are: liquid convection and two-phase, boiling liquid and vapour 


convection. 


The standard convection cell (Plate Bl) is completely filled with a low- 
viscosity, high specific heat liquid such as a water-alcohol solution. For 
bottom ice formation the cold surface air would cool the liquid at the top of 
the cell, making it more dense. This cooled fluid, being heavier, would sink 
through the flow divider to the bottom of the cell, where it would be warmed 

by the heat of fusion from the forming ice. This warmed fluid now less dense, 
would rise to the top of the cell by convection, where the cycle would be 


repeated. This process is not reversible. 


The two-phase convection cells are similar in outward appearance to the liquid 
convection cell but contain no internal tubes or flow dividers. For bottom 

ice formation a liquid with a low-boiling temperature would be heated by the 
heat of fusion of forming ice on the submerged portion of the cell. This 
liquid would vapourize and rise to the top of the pipe protruding from the ice, 
which would be cooled by the ambient air to provide a low temperature heat 

sink for the vapours to condense on. After condensation, the fluid droplets 
would run back to the bottom of the pipe where the process would repeat. A 
common working fluid is propane under a pressure of 30 to 60 psi, but butane 


and Freon C-318 may also be used at near-atmospheric pressures. 


The major operational difference between the fluid convection cell and the 
two-phase convection cell is that the ice-forming end of the fluid cell can 
function at very low temperatures if the ambient air temperature is low but 


the ice forming end of the two-phase cell is limited to a specific temperature 
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i 2 HEAT REJECTED 


INSULATED FLOW DMDER 
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regardless of the ambient air temperature. At a very cold ambient air 
temperature the fluid cell would out-perform the two phase cell. At air 
temperatures just below freezing, the opposite would occur since the two- 


phase cell removes more heat per unit of fluid than the convection cell. 


Cold-Fluid Injection 


This consists of pumping a liquid or gas at a sub-freezing temperature under 
the surface of the ice sheet. The below-freezing fluid would produce ice 
growth by direct mixing heat transfer with the warmer water. This system is 
impractical Roe ntce of the external power requirement and the Gitfroulity. tn 


controlling the air below the ice sheet. 


lce-Injection Method 

Relatively cold ice chips taken from a borrow pit would be injected below an 
ice sheet. The chips buoyed up to the bottom surface of a natural ice sheet 
would collect to form a new layer and thereby increase the total ice thickness. 
Ice chips injected rapidly enough would fuse together to the bottom of the 
natural ice sheet surface. Considerable equipment and man-effort are required 


for this method. 


The foregoing review of potential methods for accelerated bottom growth of an 
existing ice sheet indicate that convection cells best fit the basic require- 
ments. They are easily installed and are capable of operating without 


external power or surveillance. 


Three types of convection cells were tested in a laboratory at surface air 


fe) é : : Wma 
temperatures of see and -30 F to determine their operating characteristics 
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under controlled conditions: 
Balch Cell - liquid convection (2 parts by volume of alcohol to 9 parts 
distilled water at 15° and 6 parts alcohol to 5 parts of 


distilled water at -30°F). 


Long Cell - two phase, boiling liquid and vapour convection cell 


(Freon C-318). 


NCEL Cell - a ducted two-phase, boiling liquid and vapour convection 


cell (Freon C-318). 


Both the Balch and Long cells were made of 3 inch nominal black iron pipe, 
7.5 feet long with external vertical heat rejection fins. The NCEL cell, 
operating on the same FI ReTBE as the Long cell was fitted with internal 
piping and a non-insulated flow divider, and was fabricated from 12 inch 
aluminum pipe, five feet long, with the fins. Each cell was submerged in 


30 ppt salinity sea water. 


Plate B2 provides the test results. After 70 hours, at 1S°F, the Long cell 
was the more productive with 0.90 inches of ice and the Balch cell was next 
with 0.75 inches of ice. After 90 hours at =30°F, the Balch cell produced 


7.75 inches of ice, the NCEL 5.50 inches, and the Long cell 2.00 inches. 


Based on laboratory tests three Balch cells were tested in natural sea ice. 
Two of the cells were made of 3 inch black iron pipe, 12 feet long. The third, 
painted white was made of 4 inch pipe 13 feet long. All three cells were 


charged with a 50-50 mixture of methyl alcohol and water having a freezing 
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point of -hO°F, Average temperature during a 32 day test was as follows: 


Ambient Air yee? 
Ambient Seawater 29 
Cell heat-injection fins Oar 
Ice-pipe interface 18°F 
Upper cell working fluid li 
Lower cell working fluid 17 F 


Each convection cell produced a cylindical growth of ice along the entire 
length of cell below the natural ice sheet. In each case this ice was 
connected to the ice sheet with 4-inch radius fillet of ice; it was terminated 
with a hemisphere of ice below the bottom end of the cell. Plate B3 is a plot 
of average ice-growth for the three cells. Average growth rate for the 3 inch 
cells was 0.43 inches/day for the first 25 days and 0.25 inches per day for 
the next 7 days. This reduction in growth rate with time was also observed 
during the laboratory tests (Plate B2). The four inch white cell produced 

54% more ice than the 3 inch unpainted cells after 28 days because of the 
large pipe surface for the 4 inch cell and absorption of less solar energy 
Since it was painted white. During sunny days when the ambient air 
temperature was [cece solar energy warmed the fluid in the unpainted cells to 
ho°F. Ice growth around the cell had a smooth face unlike the bottom of the 


natural growing sea ice. 


lt was concluded that for maximum ice growth, liquid convection cells should 


be of maximum size and painted white. 


11. '"'The Long Thermopile'' excerpts from paper by Mr. Long, Chief, Soils 
Design Section, U.S. Army Engineers, Alaska; given at the International 


Conference on Permafrost, Purdue University, November, 1963. 


G73 


The thermopile discussed is used as a soils foundation tool. It is described 
as a self-refrigerating unit with a high conductivity of heat out of the 
ground and a high resistence to heat flow into the ground. Subgrade cooling 
is a result of the condensation of Propane vapours on the upper radiation 
surfaces of the thermopile. Condensation causes a reduced vapour pressure 
which permits boiling of condensate in contact with a warmer environment. The 
boiling condensate vaporizes and the vapour migrates to the upper radiation 


surfaces of the thermopile to complete the cycle. 


All thermopile units operate at constant volume. Measured pressures have 
varied from 33.1 to 50.6 psi. Many installations have lost their eae 

_ through leaky fittings although the slow loss of propane would promote 
additional temporary cooling. It is Suggested that all welds on thermopile 
units..should conform to a local boiler and pressure vessel code, for unified 
pressure vessels. All installations are required to be tested along all 
joints, fittings and valves with a soap solution to detect the presence of the 


smallest leak. 


lll. Notes from Professor G. Locke, Mechanical Engineering Department, 


University of Alberta, to Peace-Athabasca Delta Project, 1972. 


Technology 


From among the various ways of making large quantities of ice, the method 
chosen for an ice dam must be efficient and inexpensive. The existence of low 
air temperatures provides a strong incentive to use the atmosphere as a large 
heat sink. However, to do this requires an effective mechanism whereby the 


latent heat extracted during ice formation. can be dumped into the cold 
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prevailing winds. 


A natural convective system known as the thermosystem is shown in its several 
forms in Plates B4, 5 and 6. The open system shown in Figure 1 consists of a 
vertical tube closed at the bottom but opening at the top into a reservoir of 
cold fluid. When the wall temperature (Th) is above that of the reservoir 
fluid (Tc), the fluid circulator takes the form of the pattern shown. This 
convective system is capable of removing large amounts of heat but suffers 
from the disadvantage that a large reservoir of fluid is required. Only if 
the fluid itself was air would this be economical but unfortunately air is not 


an effective thermosystem fluid. 


To circumvent the need for a reservoir is the closed system shown in Plate B5. 
This thermosystem is about twice as long as the open system and completely 
seals off the fluid at bottom ends. Its ability to extract heat is about one- 
half the corresponding value for the open system but it requires much less 


fluid and can be left to operate unattended for long periods of time. 


The closed single-phase system may be used in a device known as ''cryopile'’'. 
A cryopile standing in water would begin to make ice around its immersed 
length as soon as the air temperature dropped below spice For an 8'' 
diameter (Freon 12) cryopile standing in fifty feet of water and extending 
an equal height above the water, the rate at which ice begins to form would 
be 0.4 square feet (50 ft. high) per week when the air temperature is Oc Fs 
The rate of ice formation is approximately tripled if the same diameter pipe 


is used in five feet of water and the air temperature is the same. 
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OPEN THERMOSIPHON 


PLATE B4 
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Te 


CLOSED SINGLE - PHASE THERMOSIPHON 


PLATE BS 
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CLOSED TWO-PHASE THERMOSIPHON 


PLATE B6 
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A modification of the closed thermosystem is shown in Plate 6. This 
illustrates the same closed tube with heat being extracted by the bottom 
section and released by the top section. The difference is that the tube 

is only partly filled with a fluid chosen such that it boils in the bottom 
section and recondenses in the top. Heat flows and boiling and condensation 
are much greater than "1 the single phase system,a typical gain being a factor 
of ten. Thus if the single phase system mentioned above was used in a boiling 
mode, the quantity of Freon required would be reduced and the rate of ice 


formation would increase to about 4 square feet (50 ft. high) per week. 


lt is apparent from the above that a cryopile operating on the two-phase 
closed thermosystem principle provides an attractive means of forming large 


amounts of ice from lake water in a cold climate. 
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PLEASE QUOTE FILE No. M43-12-11-3 


No DE DOSSIER A RAPPELER 


NATIONAL RESEARCH COUNCIL 
CONSEIL NATIONAL DE RECHERCHES 


CANADA 


DIVISION OF BULLDING RESEARCH OTTAWA. CANADA 


DIVISION DES RECHERCHES EN BATIMENT K1A OR6 


15 December 1971 


Mra De MuniO TD Dy 5 - oF 
Director, 

Peace-Athabasca Delta Project, 

512 Baker Centre, 

10025 LO6th: Street, 

Edmonton, Alberta. 


Dear Mr. Hornby, 


It was indeed a pleasure to have the opportunity 
to discuss with you and other members of the Technical 
Committee the problem of constructing ice dams in the 
Peace-Athabasca Delta area. As you requested, I will 
attempt to summarize briefly my first reaction to this 
proposal., \itddse quite difficult to»foresee all the 
problems that may arise for, as far as I know, this is 
the first time anyone has considered constructing an ice 
dam for the purposes you envisage. 


I think the report correctly identifies the two 
major problems (a) to obtain sufficient rate of build up 
of the ice mass and (b) how to effect river closure. 


Considering the first problem, I do not think 
it is possible to build an ice cover 60 feet thick using 
the flooding techniques developed for construction of 
jceelrodds.u silo Alaskass ice. roads, 5) ito.,6, feete thick, have 
been constructed in a little over three weeks using 
surface flooding techniques. If they had continued the 
procedure for 3 months they probably could have built 
an ice cover 20 feet thick. I would judge that at your 
site 20 feet would be about the maximum thickness of 


* Alaska's Amazing Winter Road, 
Western Construction, June 1969 
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ice that could be built up by surface flooding during 
December, January and February. This rate of build up 
agrees reasonably well with the estimated theoretical 
rate (page 8 of the report), after some allowance is 
made for a curing period to allow freshly formed ice 
to solidify completely. 


It is possible that ice thicknesses greater 
than 20 feet could be achieved by spraying water or 
by using artificial snow-making equipment combined 
with surface flooding and packing. Some of the more 
recent artificial snow-making machines have a high 
rated capacity. One manufacturer* claims that one 
spray gun can cover a 60,000 square foot area with 
8 inches (water equivalent) of ice in 24 hours. If 
these ratings are correct then it might be feasible 
to build an ice layer 60 feet thick over a 3 month 
period at your site. Considerable field testing 
would be needed to develop the techniques and to 
ensure that any full scale program has a fighting 
chance of success. 


The problem of effecting closure is perhaps 
more difficult than that of building up sufficient 
ice. As the thickness is increased by depression due 
to build-up on the surface, the cross sectional area 
of unfrozen water under the ice will become smaller 
and the head will increase until quite high velocities 
are attained. The ice being forced downward may rest 
on channel irregularities and may never completely 
shut off water flow no matter how much ice is accumulated. 
I do not think enough is known about the performance of 
thermo syphons and the proposed cooling pipes in the 
riverbed to be sure that they will be the answer to 
this problem. At some point the rate of heat transfer 
from the swiftly flowing water between ice around the 
cryopiles and pipes will balance the heat extracted by 


the refrigeration system. In my opinion, the cryopiles 
would probably have to be spaced much closer than the 
suggested 5 foot spacing to bring about closure. About 


the only way you can obtain reliable information on 
this is by installing a few test cryopiles under the 
ice cover in a river. 


* RAB Engineering Ltd., 


85 Brisbane Road, 
Downsview, Ontario. 
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At the meeting we did discuss other methods 
of producing closure. If the proposed ice dam was 
built downstream from a frazil ice producing rapids 
it might be possible to produce blockage using the 
frazil ice. If the temperature of the water flowing 
under the natural ice cover is slightly below the 
freezing point (supercooled) the problems of complete 
closure would be simplified. A possible site where 
advantage Gould be taken of frazil-producing rapids 
was suggested and should be looked at this winter. 


Assuming that an ice dam of suitable size 
can be constructed and closure effected, there remains 
the problem of preventing leakage through the dam or 
through the soil under the dam. By late June or July. 
ice temperatures within the dam are likely to be close 
to the melting point. If fissures or drainage paths 
develop, water under pressure will quickly melt a 
path through the dam and the erosion and failure of 
the dam might occur fairly quickly. It is difficult 
to estimate how serious this problem would be as it 
depends on how solid the ice cover is and how effective 
closure has been. 


In summary, I think it would be premature to 
Start construction of the proposed ice dam without much 
more investigation. The experiments planned for this 
winter on determining the maximum rate of ice production 
and freezing rate of the thermosyphons are a necessary 
first step. The proposal to investigate all possible 
sites is also necessary as the choice of site may well 
determine the success or failure of the project. If 
the preliminary tests this winter are encouraging it 
would be desirable to construct a much smaller dam, on 
a trial basis on a smaller river, to prove out ice- 
making and closure techniques, and problems with leakage, 
before constructing an ice dam of the size envisaged. 


I hope these few remarks will be of value to 
you. If you have further questions or think we can 
help you further please do not hesitate to contact us. 


You sincerely, 
Libor 
oye” 
G.P. Williams, 
Geotechnical Section. 
GPW/jo 
71-G-1574 
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ICE MAKING EXPERIMENTS 
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APPENDIX C 


DESCRIPTION OF ICE MAKING EXPERIMENTS 


During preliminary attempts at designing some manner of ice dam, many questions 
or unknowns arose which couldn't be answered either referring to the scant 
literature available or by consulting with people knowledgeable in the field 

of ice problems. For instance, it was felt that no more than thirty to thirty- 
five feet of ice could be built up in any channel around Fort Chipewyan during 
an average winter using standard flooding procedures, (i.e. pump and hose). 
Considering the fact that it might be necessary to develop more than twice 

this amount of ice, it cnt that some other means of building up ice would 


have to be found. 


This latter point brought on an abundance of suggestions such as: 

(1) developing a system of high pressure sprinklers which could be operated 
continuously and would supposedly develop ice quite rapidly because water drops 
in the spray would become partly frozen before hitting the ice, (2) hauling 
Or conveying ice blocks which have been blasted from a river channel or lake 
in the vicinity of the damsite, (3) blasting ice upstream of the damsite and 
a set of rapids so that the resultant blocks of ice would be sucked under and 
caught beneath the dam, thus constructing a hanging dam, (4) circulating a 
brine solution through a maze of pipes laid along the river bed at the 
damsite, so as to develop a well anchored layer of ice, and (5) maintaining 
a large open area immediately upstream of the dam to permit large amounts of 


frazil ice to be generated and caught beneath the dam as it’ being constructed. 
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Further was the problem.of closure, which would likely be the most important 
design aspect to be considered and which has been discussed previously. Again 
this problem brought on many suggestions such as: (1) constructing some rows 
of cryopiles across the channel along the leading edge of the ice dam, to act 
as both an anchor for the ice mass and a means of effecting rapid closure, 

(2) placing a screening material across the channel, down from the upstream 
edge of the dam, which would trap frazil ice, ice blocks or perhaps some debris 
which would plaster itself on the mesh, and (3) injecting liquid nitrogen at 

a high enough rate to develop the necessary rate of ice build-up to effect 


closure. 


In order to add to the paucity of practical data, it was decided to carry out 
some field studies. Some idea of rate of ice build-up from standard flooding 
procedures is available from ice bridge construction reports, (Gold, 1960); 
rate of ice build-up around cryopiles has to be extrapolated from laboratory 
models or derived from solution of theoretical equations; and limited results 
have been published from the few previous field studies with cryopiles and 
sprinklers carried out by some American agencies, (Hoffman and Culbertson, 


1970). 


Two separate field studies were established during the period January to 
March, 1972, and were located on Riviere des Rochers near Fort Chipewyan and 
at Lambton Park, Edmonton, Following is a detailed description of the kinds 
of test programs established and the means by which these tests were carried 


out. 
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Fort Chipewyan Experiments 


The objectives of the studies carried out on the Riviere des Rochers were to: 
(1) establish at what rate ice could be built up via flooding with pump and 
hose, (2) establish at what rate ice could be built up using one kind of 
sprinkler, (3) establish at what rate and to what extent ice would build up 
around a cryopile using two basic refrigerants, diesel oil and Freon 12, 

(4) look at the possibilities in blasting ice upstream of the rapids on 
Riviere des Rochers and having ice blocks catch on to the under-ice surface, 
and (5) in general establish what technical problems might be encountered 


under extreme cold temperature conditions. 


Plate Cl outlines the primary work area on Riviere des Rochers. It shows 
three areas, each about one acre, and a row of eight cryopiles located 
immediately upstream of Test Plot 3. Each of the test plots were delineated 
into forty foot square grids and 2'' x 2'' boards were marked and frozen into 
place at each of these grid points (see Plate A6 and A5S1 for the purpose of 
measuring ice build-up. Snow dikes were constructed around each test plot. 
A Buckner sprinkler (Type 910) was set up at the centre of Test Plots One and 
Two. These incorporated three separate nozzles which helped deliver water 
fairly evenly in a 100 foot radius at an operating pressure of 180 psi. A 
mechanism was available which would turn the sprinkler automatically. Water 
was delivered to each sprinkler via four inch irrigation pipe fitted with 
quick couplers. “A ninety degree elbow, a 2'' x 4'' reducer and valve were 
attached immediately up-line of the sprinkler and the whole assemblage was 
fitted inside a steel stand which left the sprinkler thirty inches off the 
ground (see Plate A43 for this set-up). A high head Gorman-Rupp (4!'') pump 


powered by a gasoline engine was used to obtain water and provide the 
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necessary pressure to operate the sprinklers. The pump was housed in a 
building (see Plates A42 and A4S) for pipe placement and pump location), while 
it was eventually found necessary to apply heat-tapes and insulation to the 
irrigation pipe in order to keep the system working. Freezing-up difficulties 
will be fully discussed in Appendix D but Plates A4S, A47, and A48 show fully 
the final product of having water in the system freeze up. Each of the grid 
Stakes was read about every eight moun while the sprinklers were continuously 


operating. 


Test Plot 3 was used entirely for standard flooding procedures. A low-head, 
six inch pump powered by a gasoline engine was used to supply water via six 
inch rubber hose. Although the total length of the discharge hose was about 
two hundred feet, no particularly serious freezing problems were encountered 
because the flexible hose could be quickly drained after the pump was shut 
down. Water was delivered at the edge of the test plot and subsequently 
Spread out over the entire test plot from that point. Test Plot 2 eventually 
became a standard flooding test site when it was found impossible to operate 


both sprinklers due to technical problems which will be discussed later. 


Cryopi les: 


Initially only six cryopiles were installed, with numbers a2 ee> me andes 
being filled completely with diesel oi] and 3 and 4 being injected with 290 
pounds of liquid Freon 12 each. Plate C2 is a summary of the types of 
cryopiles and refrigerants used. Eight inch steel casing with welded joints 
was used for the cryopiles with the average length of each cryopile being 
around forty feet. The cryopiles at least for the first three types, were 


of equal length below and above the ice. Cryopiles seven and eight differed 


e) 4lVid 
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in that they contained an orifice just above the ice surface. It was argued 
that this would force a cross-over of the convection currents at the orifice, 
whereby the vaporizing Freon 12 would travel up the outside of the pipe below 
the ice surface and be forced to extend up through the centre of the pipe 

above the orifice. Condensing freon would drip down the outside of the pipe 
and would be forced to the centre at the orifice. The entire process was 
intended to ererove the heat transfer qualities over Cryopiles 3 and 4. Lesser 
amounts of Freon 12 were injected in Cryopiles 7 and 8 (25 and 100 lbs. of 
liquid Freon 12 respectively). Injection of the Freon was a problem because 

no satisfactory commercial pump exists which would pump out the Freon 12 

from a cylinder into a pipe. A Propane torch had to be used to heat the 
cylinders in order to force the freon out of a cylinder. Also valves having 
Neoprene gaskets had to be used because Freon 12 would corrode and leak through 


a valve having a standard cork packing. 


Cryopile 3 was revamped to include a system which circulated the refrigerant 
(diesel ofl). This cryopile which was originally filled with freon developed 
a leak and the refrigerant escaped. The cryopile was cut down a within seven 
feet of the ice (ground) surface and a two inch steel pipe placed down the 
centre of the remainder of the eight inch pipe. A line connected to the 
cryopile at the ice surface allowed the diesel oij1 to drain into a forty-five 
gallon barrel and a two inch gasoline driven Pump was used to pump the diesel 
oil out of this barrel back down through the two inch pipe which extended to 
within two feet of the bottom of the cryopile. It was felt that this 
circulation system would speed up the heat transfer rate between the bottom 


and top of the cryopile. 
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Plates A9 to Al2 are a series of photographs showing the placement of the 


various cryopiles. 


Ice Blasting 


Canadian Armed Forces personnel (Canadian Airborne Regiment) in a cooper- 
ative venture were responsible for setting dynamite charges upstream of the 
rapids section in order to produce chunks of ice and to observe what would 
happen to these large chunks of ice when they reached the downstream end of 
the open water area. A reconnaissance of the rapids area last December 
(1971) indicated that a considerable depth of slush extended beneath the 

ice cover downstream of the rapids. This, it was reasoned, could be attributed 
to the fact that ice lenses (frazil ice) developed in the super-cooled water 
at the surface of the open water area in the rapids. It was felt that the 
volume of ice produced in this manner could be increased by maintaining a 
larger open water area. Also it seemed possible that if large blocks of 

ice were developed upstream of the rapids, they would be carried under the 


downstream ice surface and become attached to the mass of slush. 


Army personnel] attempted to set off four separate blasts at the upstream 
end of the rapids area, each one having a different spacing of charges. 
This was intended to produce four different size distributions of ice-block 


sizes. Plates A 67 to A 84 show the blasting program being carried out. 


Summa ry of Operating Problems: 


At this point some of the technical problems encountered during the testing 


program should be discussed. 


(1) 


(2) 


(3) 
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Leaks developing in some of the cryopiles was a constant source of 
irritation. These leaks occurred at welded joints and point out the 
necessity for ensuring high quality field welding together with a 
proper pressure resting program. It may be that some of the welds 
were adequate but fractures developed when cryopiles shifted around 


while being placed upright through the ice. 


Too many problems were encountered when attempting to start up the 
gasoline engines in extreme low temperatures. It would be more approp- 


riate to use large electric generators to run electrically driven pumps. 


When flooding, one should use pumps with capacities no greater than 
about 100 Imp. g.p.m. The 1 cfs pump actually used was too large and 

a smaller two inch pump used near the end of the flooding program 
proved to be more adequate in terms of mobility and capacity. As 
suggested above, these pumps should be electrically driven partly 
because the small gasoline engines would not be durable enough to stand 


up to continuous use. 


Sprinklers should be used which would be able to rotate freely at any 
temperature. The sprinklers used were lubricated with a grease which 
was too heavy. Adequate lubricants should be found for low temperature 


operations. 


Ice produced by the sprinklers was more like crusty snow, as will be 
discussed later. It appears that the droplets of water were too 


small and were suspended too long before landing on the ground. 
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(6) 


(7) 


(8) 


(9) 


(10) 


Sprinklers are available which will have a smaller radius of spray and 
larger drops of water. In this way the water will freeze on contact 


with the ground rather than in the air. 


Dikes around areas on which ice is being manufactured should be lined 
or sprayed with a coating of ice in order to prevent escape of water. 
One of the main problems which occurred on Test Plots 2 and 3 was the 


difficulty in keeping water in the test area from leaking out. 


Stand-by pump units should be kept on-site because of the remoteness 


of the area and the difficulty in servicing equipment. 


Any pipes feeding sprinklers should be insulated and provided with heat 


tapes. 


Cryopiles (two phase) should be fitted with pressure guages so that 


constant checks can be made on leakage of refrigerant. 


A comprehensive set of field pressure tests should be derived to 


reduce the chances of placing cryopiles that might develop leaks. 
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Lambton Park Experiments 

The primary objective of the experimental Facilty constructed at Lambton 
Park, Edmonton, was to observe and measure the rate of ice growth around 
cryopiles which were fairly extensively instrumentated for measurement of 


water and ice temperatures. 


Plate C3 provides an overview of the experimental set-up. Two ten thousand 
gallon steel, water-filled storage tanks provided by Texaco of Canada Ltd., 
were housed in a polythene covered shelter. These tanks were nineteen feet 
high and eleven feet in diameter. Length of each cryopile was forty feet, 
with one filled with Kerosene and the other, 290 pounds of Freon 12. Each 
tank was connected to a four inch gas driven pump and water was pumped into 
the tanks through a series of small holes in a plastic pipe which extended 
throughout each tank. This was done in an attempt to maintain a homogeneous 
temperature throughout the tanks. If necessary, heat could be added to the 
water by heating up the interior of the shelter with a space heater. See 


Plate A3 for a photograph of this facility. 


Plate C4 provides a plan of the physical makeup of the cryopiles used. 
Initially six inch diameter aluminum pipe was used for both cryopiles, but 
one was discarded (the one intended for the freon) because of the difficulty 
in welding pressure tight joints. Six inch steel casing was substituted 

and no leakage of freon occurred. The aluminum cryopile containing kerosene 
passed a pressure test prior to being installed in a tank, but unfortunately 
a leak developed sometime thereafter and kerosene drained out of the 
cryopile to about five feet above the surface of water in the tank. This 


leak was not discovered until about ten days after the experiment had begun. 
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ALUMINUM PIPE | 


REFRIGERANT | 
USED APPROX. | 
23 GALLONS | 


( IMP.) 


2" VALVE 


G99 


6° ID 
STEEL PIPE 


REFRIGERANT 

USED APPROX. 
290 Ibs. OF 
LIQUID FREON 


KEROSENE 
(FULL) 


PRESSURE 
GAUGE 


COPPER TUBING 


1" VALVE FOR 
DRAINING 


NOTE : 


STRAIGHT - THROUGH PIPE USED FOR BOTH CRYOPILES. NO FITTINGS 
ATTACHED TO INSIDE OF PIPES FOR CIRCULATION OF REFRIGERANT OR 
IMPROVEMENT OF HEAT TRANSFER. 


Peace - Athabasca Delta Project 
CRYOPILE CONSTRUCTION 
LAMBTON PARK, EDMONTON 


PLATE 


C4 
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Nine thermisters were attached to each cryopile (see Plate C3) with a set 
of three placed at the bottom, six feet and twelve feet from the bottom of 
the cryopile. Of this set one was placed at the outside surface of the 

pipe, the second six inches away and the third one foot away from the pipe. 
In addition, water temperatures were taken in the tank and at the outlet 


line from each tank. 


Each of the cryopiles was painted white in order to reduce the amount of 


solar heat affecting the temperature inside the cryopiles. 
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APPENDIX D 


DATA AND ANALYSIS, ICE (DAM) MAKING EXPERIMENTS 


Fort Chipewyan Experiments 


Studies began on February 11, 1972, with the placing of Cryopiles Nos. 1 to 6; 
flooding on Test Plot 3 commenced on February 17th; sprinkling on Test Plot 23 
February 23 to March 1; flooding on Test Plot 2 commenced on March 4; and ice 


blasting trials at Rochers rapids were carried out on February 20 and 22, 


Sprinkling and flooding tests were essentially completed by March 12th and 


March 17th respectively, and all cryopiles were removed by March 31st. 


Meteorology 


Daily temperatures during the above time period (February 11 to March 31, 1972) 
are plotted on Plate D1. Information was obtained from M.O.T. personnel at 

the Fort Chipewyan airport. The solid line designates the mean of the dai ly 
temperatures recorded at the ice-making site so that these are not computed on 
the same basis as the M.0.T. values since temperatures at the test site were 
sometimes read only two or three times during the day. Therefore one would 
expect the solid line to be somewhat above the dashed line, which indeed does 
occur. What this plot does indicate is that the temperature data from the 
airport is a good representation of what the temperatures were at the ice 


making site. 


Also included in Plate D1 are the mean daily wind speeds as measured at the 
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airport and at the test site and again the differences are relatively small. 


Summary of Temperatures 


Long-term Values 1972 Values 
Feb. March Feb. March 
Mean Daily (°F) - 6.8 5.6 -15.5 10.8 
Minimum (CF) -16.6 -4.9 -25.5 0.1 
Maximum (CF) 3.0 16.0 - 5.0 22.6 


Observation of the above table indicates that temperatures in February were 


lower than average and in March they were higher. 


A mass curve of degree-days of freezing is given in Plate D2, and is based on 
the mean-daily temperatures from the airport. The curve is quite uniform up 
to March 11, indicating that the freezing potential, without consideration of 
wind speeds, was fairly uniform throughout the time the bulk of the ice making 
occurred. After March 1]lth, temperatures went above freezing for a few days, 


after which a much smaller regime of freezing temperatures occurred. 


Wind speeds varied up to twelve miles per hour and it appears from Plate D1 
that the higher values occurred during periods of higher temperatures. There- 
fore smaller degree-day values (and hence smaller cooling rates) were partially 


offset by the increased cooling capacity provided by higher winds. 


Cryopile Experiments 


Table D1 Is a summary of all cryopile measurements. These include the 


recorded circumferences, resultant estimated ice thickness in the radial 
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PLATE D-2 


MASS CURVE OF TEMPERATURE DIFFERENCE 
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direction, square inches of ice growth between measurements, rate of ice 
growth in square inches per day between measurements, an average rate of ice 
growth at the three levels taken over a long period of time, and an average 
rate of ice growth for the entire cryopile. Ice growth measurements were 
obtained at three different levels along the submerged portion of the cryopile 
(i.e. bottom, middle and top). In general the depth of cryopile beneath the 
surface was twenty feet, which included two - three feet of river ice and one 


foot penetration of the cryopile into the river bottom silt. 


Measurement of ice growth necessitated divers going into the river to measure 
the circumferences of the ice mass around the cryopiles at the three different 
levels. It was assumed, and it certainly appears that the ice mass formed a 
perfect circular cylinder so that circumferences were easily converted to 
diameters. Some of the measurements did not seem consistent with what was 
expected and so were eliminated from consideration. Because of the difficult 
working conditions in obtaining ice growth measurements, it was to be expected 


that some errors would occur. 


Water temperatures in the channel were a fraction above cVheias and as pointed 
Out previously, air temperatures were fairly consistent up to March |) th... 50 
one wouldn't expect a decrease in the amount of ice around a cryopile during 
this period, provided the cryopile itself wasn't interfered with. Therefore 


any measurements indicating loss of ice were not considered correct. 


Cryopiles Containing Diesel Oi] 


These were numbered 1, 2, 5 and 6. Plate D3 provides an idea of what the ice 
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surface profiles looked like as the ice grew outward. Plates D4 are plots of 
ice thicknesses versus time and after studying the information it was decided 
to eliminate the following data because of probable errors in field measure- 


ments. 


Cryopile Dates of Probable Incorrect Measurements at Some Level 


l Feb. 17 Feb. 21 March 10 
2 Feb. 17 Feb. 21 March 8 
5 Feb. 17 Feb. 21 (B) March 8 (B) 
6 Feb. 17 Feb. 21 (B) March 8 (B) 


(B) - Bottom measurement only 


Errors were consistent over the entire ice column on February 17th, 23rd, and 
March 8th while errors on the remaining days occurred at only one level. How- 
ever, enough correct data is available to estimate the general performance 
curve for each cryopile. Discounting the points in apparent error, a solid 
line has been drawn through the remaining points and provides an acceptable 


estimate of ice growth rates around each cryopile. 


The following points regarding the diesel-filled cryopiles are consistent: 

1. Ice growth occurs at a larger rate near the top, a lesser rate at the 
middle, and at the least rate near the bottom, resulting in a conical 
shaped ice mass. 

2. The ice columns merged into the underside of the channel ice with a curved 
arch of about one foot radius. 

3. Plots of ice thickness with time (Plate D4) show that ice growth was quite 


rapid in the first two weeks and then tapered off exponentially. 


Rate of Ice Growth at Top of Cryopile (Diesel) 


Cryopile No. Time Interval vs. Ice Growth 
; (day) (in. /day) 
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(Feb. 11-15) (Feb. 16-23) (Feb. 24-29) Mar. 1-10) 


| 1.30 54 -25 0 
2 1.40 .69 46 0 
5 125 84 226 
6 1 a2 58 mole 


Rate of Ice Growth at Middle of Cryopile 


l 75 52 Boe 
2 1.00 3/7 rola 
= . 80 sei) 0 
6 . 84 Al 0 
Rate of Ice Growth at Bottom of Cryopile 
l .67 . 30 — 
2 272 730 .20 
5 .62 ois) 0 0 
6 52 40 0 0 


4. The top thickness of ice reached a limiting or steady-state value 


.04 
“03 


of 


twelve inches after about three weeks. Similar limiting values for the 


middle and bottom were eight-nine inches and five-six inches respectively. 


5. Average ice production rates (taken from Table D1) for the diesel 
cryopiles were as follows: 


Cryopile No. Square Inches per Day (Horizontal Section) 
Top Middle Bottom Mean 
l 40.0 25.0 Zo 25.8 
2 43.2 23.0 te 4 2425 
5 45.0 25.0 ree) 29.2 
6 42.6 3920 14.0 29.8 
Mean 42.7 26.5 15.0 2.8 ol 


All of the above cryopiles performed quite consistently. Even No. 6 was not 


affected by the fact that about one-third of its diesel oi] leaked Out. 


This 
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might indicate that the cryopile need not extend an equal length above the 
ice surface. Also the above values have assumed that the ice build-up had 
reached a very small rate by February 29, or sixteen days after they had been 


installed. 


Plates Al9 to A38 are photographs of the cryopiles as they were being pulled 


out. The ice formed appears to be uniformly circular around the cryopiles. 


Cryopi les Containing Freon 12 


These were numbered 3, 4, 7, and 8 and were initially charged with 290 pounds, 


290 pounds, and 100 pounds of liquid Freon 12 respectively. 


In reviewing the results, and as was done with the results from the diesel 
cryopiles, it was found necessary to eliminate some of the readings which 
appeared to be obviously in error. Following is a summary of those measure- 


ments which it was felt could be eliminated. 


Cryopile Dates of Probable Incorrect Measurements at Same Level] 
3 Feb. 17 Feb. 21 (B) Feb 23 Feb. 27 Feb 29 (T) Mar. 8 
4 Feb. 17 Feb. 19 March 10 
/ March 10 
8 March 10 


(B) - Bottom measurement only 
(T) - Top measurement only 


The performance of No. 3 was obviously dismal. It became apparent after a 
week or so that a slow leak had developed in the cryopile which had 
permitted the freon to escape into the atmosphere. Ice growth did not 


appreciably increase after February 19th or four days after the freon was 
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placed in the cryopile. Plate D5 shows the results of ice profile measure- 


ments, while Plates D6 are plots of ice growth versus time. 
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ICE GROWTH IN INCHES 
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Cryopile No. 


Rate of Ice Growth at Top of Cryopile (Freon 12) 


Time Interval vs. Ice Growth 


(days) (in. /day) 
(Feb. 15-21) (Feb. 22-Mar. 8) (Mar. 
beZz 0 
1.68 22 
(Feb. 21-23) (Feb. 24-Mar. 8) (Mar. 
WAS 0.40 
1.35 0.27 


Rate of Ice Growth at Middle of Cryopile 


1720 0 
Lo si 
25 ak 
1.00 0 


Rate of Ice Growth at Bottom of Cryopile 


-- | 0 
es 15 
£25 a2 
40 .10 


SKS Us} 


* 7-8 same time interval as for top measurements above. 


Cryopile No. 4 performed the most satisfactorily, with an ultimate ice 


thickness of seventeeninches at the top. 


Although the rate of ice 


produced at the top was greater than further down, in the early stages, 


the ice thickness eventually became uniform over the whole length of 


submerged cryopile. 


It is difficult to prove from the measurements but 


a few inches of ice developed quite rapidly after March 8th because the 


pressure was reduced in all cryopiles on March 9th. 
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By bleeding off freon 
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and reducing the internal pressure it was felt that the freon would have 
gotten into a two phase vapour - liquid (boiling) mode. In this state the 
heat transfer qualities are supposed to improve. However, the lower 
pressure could not be maintained probably because the vapor phase was in a 
closed system and thus increased the gas pressure after a time. The 
pressure was bled off a number of times in order to maintain it at about 
five p.s.i. and it was during this period that a few additional inches of 


ice grew on Cryopile 4. 


Pressure reduction in Nos. 7 and 8 did not appear to have any desirable 
effect on the amount of ice formed. Although these two cryopiles both 
produced about the same volume of ice, their performance was very much less 
than No. 4. Again the ice formed in a conical fashion on Nos. 7 and 8, 


with a curved transition into the channel ice. 


Overall ice production rates for the freon cryopiles were as follows: 


Cryopile No. * Square Inches Per Day (Horizontal Section) 
Top Middle Bottom Mean 

3 ~- - — = 

4 (To Feb.27) 67 63 4S 58 

7 (To Mar.8) 19 5 5 ‘10 

8 (To Mar.8) 19° 6 5 10 


lt appears that Cryopile 4 was two to three times better at producing ice 
than any of the diesel units while the diesel units were about three times 
better than Cryopiles 7 or 8 which contained lesser amounts of freon and 
also included an orifice plate which was supposed to help control the 


movement of vapour and condensed freon within the cryopile. It is quite 
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likely that the orifices were of limited help because the freon was not 

in the vapour phase, at least until March 9th when pressures were reduced 
Also, it appears that the amount of freon used has a significant influence 
on the performance, with ice forming efficiencies varying with the amount 


of freon. 


Circulating Diesel 


This system has been described previously and in general it involved 
cutting down Cryopile 3, filling it with diesel oil, draining the diesel 
into a tank and then recirculating it down to the bottom of the cryopile 
through a two inch pipe placed within the cryopile. However, after operat- 
ing this system for a day or two it became obvious that the pump was 

adding substantial amounts of thermal energy to the circulating diesel. 

The result was a melting of the ice near the top of the cryopile. The 
system was shut-down and could not be revamped because of moderating air 
temperatures. Hindsight suggests that the pump should have been placed 
between the cryopile and the inlet to the tank and diesel should have been 
fed back into the cryopile by gravity. Also the discharge lines from the 
tank should have been longer or the tank larger in order to ensure complete 


cooling of the diesel before it went back into the cryopile. 


It is also interesting to note that the freezing process extended down into 
the channel bottom silt. When the cryopiles were pulled out there remained 
a frozen bulb of silt on the end and this can be observed in Plates 


A23, A24, and A29 to A32. 
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Experimental Ice Plots 


The primary purpose of this aspect of the operations at Fort Chipewyan 
was to lay down as much ice as possible over a given area, using two 
methods of water distribution, i.e. sprinklers, and flooding procedures 
as utilized in the construction of ice bridges. Secondary to this 
objective was to establish what some of the technical problems might be 
in operating certain mechanical devices (pumps, sprinklers) under extreme 
cold temperature conditions. The physical setup of the ice plots has 
been described in Appendix C and it remains to present and discuss the 


results. 


Teste Blots! 

The Buckner sprinklers purchased for the experiments were constructed in 
California and not really designed for cold temperature operation. Water 
pumped through the sprinklers taken from the Rochers River channel was 
near freezing so that any additional small amount of heat loss would 
freeze it. Thus water in transit from the discharge end of the pump to 
the sprinkler nozzles had to travel two hundred feet through aluminum pipe 
with air temperatures reaching -30°F, with the net result that water would 
gradually freeze up in the pipe. Plates A45 to A48 amply demonstrate the 


final product of water freezing in the discharge line. 


Heat tapes and insulation were installed on the aluminum pipes, which 
eliminated the freezing up problems, and Plates A46 and ASO show this 


system in operation. 
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The sprinklers included a mechanical system to rotate them automatically 
but this didn't work, primarily because the rotational mechanism on each 
sprinkler would freeze up. Also it would have been more appropriate to 
use a very light grease or perhaps no lubricant at all in the main bearing. 


As it was, the sprinklers were turned manually every few minutes. 


The sprinkler on Test Plot 1 was originally turned on February 16th but 
because of the freeze-up problems, it didn't function uniformly until 

February 29th. Operation was for eight hours a day only until February 
29th, after which operation was extended to sixteen or twenty-four hour 


periods. 


Plate D7 shows the time-wise profiles of ice accumulation on Test Plot ie 
Ice accumulation readings from the grid markers were read after each 
eight hour shift so that any difference between one profile and the next 


one above indicates the amount of ice build-up in eight hours. 


This data has been averaged to provide Plate D8 which shows average depth 


of built-up ice versus cumulative number of eightehour-shifts. 


The average rate of ice build-up per eight hour shift is given by the 
slope of a best-fit line through the points and is thus 1.57 inches per 
shift or 4.71 inches per day. This would require .35 acre-feet of water 


per day, or 60 IGPM. 


Since the discharge could not be varied, it can't directly be concluded 
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whether or not the rate of ice build-up could be substantially greater 

if a larger pump were used, but it is likely. Most of the water froma 
sprinkler froze in the air or on impact with the ground so that it was not 
often that water accumulated on the test plot because of excess water and 
too small a freezing rate. Therefore it is conceivable that by using a 
sprinkler which could have a variable trajectory and adjustable nozzle 
sizes, one could use a pump of much higher capacity and produce more 

ice. Siz e of water drops and time in air could then be adjusted in order 


to produce freezing upon impact of the water with the ground. 


This ability to vary trajectory and nozzle size is important in producing 
a high density ice. Density measurements as outlined in the following 
table indicate what problems could arise through improper operation of a 
sprinkler. It is noted that 


Ice Densities - Test Plot 1 


Grid Point Location Density (1b. /#t?) Comments 
E2 55.88 Sample Int. O'-1' 
D5 Slee ut Ohne 
G3 28.43 0 Opa 
C3 31.25 A 31-4! 


Average 41.69 


Note: Natural river ice 60.39 lbs. /ft? 


3 3 


densities vary from 28 lbs/ft~ to 58 lbs./ft~. The latter values would be 
adequate but the lower one would be unacceptable. Plate A66 shows one of 


the areas where the low density ice was formed, and in fact the substance 


shown is more akin to being packed snow rather than ice. This is the 


result of a fine spray from one of the nozzles and the effect is what one 
would expect from a snow machine. Although, as shown in Plate A65, the 
volume of this ice-snow was large in some places, the kind of material 


formed might not be satisfactory. 


Vertical Movement 

Vertical movement of the ice mass on Test Plot |] was checked by taking 
level readings on reference markers. The amount of downward movement of 
ice would be a function of the ice density and the sheer strength of the 
adjacent and underlying river ice. For Test Plot 1 the ice mass is 
estimated to have sunk 2.52 feet and this can be compared to the average 
build-up from sprinkling of 3.42 feet. Therefore the ratio of vertical 


drop to ice build-up is 0.74. 


Test Plot 3 

Flooding commenced on February 16th with one layer of water being put 

down in an eight hour shift. Until February 29th, technical problems 

with the low head pump permitted only one layer of water to be flooded per 
day. Ice accumulation was recorded at the end of every eight hour working 
period and results are recorded with respect to ''shifts'', so that results 


from Test Plot 1 could be directly compared. 


Plate A57 shows the flooding procedure in progress, with water being 
discharged at one point in the plot and being permitted to find its own 
level and spread over the entire plot. Problems were encountered with 


the leaking dikes shown in the background of Plate A57. The procedures 
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employed differed from normal ice bridge construction, primarily with 
respect to the size of pump used. A six inch pump was employed and 
proved to be too large for the amount of water required, but on the other 
hand its size permitted a greater amount of durability for continuous 
Operation. Normal ice-bridge construction practices require small two- 
inch pumps to be used so that they can be moved from place to place on 
skids or a small truck. The last few flooding lifts were made using a 
two-inch gasoline driven pump and the field crew found the procedure 
very satisfactory because hoses could be moved about and drained easily, 
and water could be placed where it was thought most necessary. However, 
this pump malfunctioned after a few days, and it was generally felt that 
electric driven pumps would have been more superior provided electric 


power was available. 


Plate DjO is a plot of ice accumulation versus flooding frequency. It was 
normally found that the full eight hours was required for any particular 
amount of water flooded, to adequately freeze. The average rate of ice 
accumulation or the slope of a best-fit line on Plate DIO is 1.13 inches 
per eight hour shift or 3.38 inches per day. This would require .24 acre- 
feet of water per day applied at a rate of 3 cfs three times a day for an 


hour each time assuming three lifts a day are made. 


This rate of ice accumulation should be considered to be near a maximum 
value whereas the value derived from Plot | could potentially be greater 


if certain adjustments were made in the system of sprinkling used. 
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Ice densities (see following table) were on the average higher than 
those achieved for Test Plot 1. Plates A60 and A61 show examples of the 


3 


ice made and densities varied from 53.9 lbs/ft~ to 56.8 mere. which 


values could be considered quite satisfactory. 


The ice mass sunk down on the average 2.34 feet with an average build-up 
of 2.91 feet. Ratio of vertical drop to ice build-up is 0.80 which when 
compared to this ratio from Test Plot 1 confirms the higher density of ice 
in Test Plot 3. This factor is important when deciding on which system 
(i.e. sprinkling or flooding) would be better. On the one hand the ice 
accumulation rate is 38 per cent higher for sprinkling but the densities 
from flooding were 10 per cent higher. If the densities achieved from 
sprinkling could be increased, sprinkling would appear to be the more 


satisfactory method of the two. 


Ice accumulation profiles are given in Plate D9, which is a summary of ice 
build-up at the end of every eight hour period. 


Ice Densities - Test Plot 3 


3) 


Grid Point Location Density (lb/ft Comments 
D3 53.89 Sample Int. 0'-2' 
B2 55.46 he Out 
B2 Bye) ik 12225 
B2 56.60 " 3'-4! 
S 52.63 i Gi=| 0 
C5 54.45 r Pe 5'e2. 5! 
C5 49 . 33 M Bh 
E4 54.60 " y-2" 
E4 56.30 5 LF pe th Moe 
E4 56.77 : 3.5'-4.5! 


Average 54.73 
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Test Pilot .2 

This ice build-up site was originally intended to combine flooding and 
sprinkling to see if the two could be a compatible operation. Unfortunately, 
serious freeze-up problems were encountered with the sprinkling system 


and it was abandoned. 


Sprinkling commenced on February 16th and ended on March Ist, and 

included only five separate shifts of ice making. Plate Dll provides the 
ice accumulation measurements at the end of any eight hour ice making 
period, in the form of ice profiles along various grid lines. Plate D12 
is a plot of ice accumulation versus cumulative number of eight hour 
shifts. The average rate of build-up for the sprinkling portion of the 
plotted values is 1.50 inches per shift or 4.4 inches per day, which is 
similar to the average value obtained for Test Plot 1. For the flooding 
portion of this plot the average rate of ice accumulation was 1.26 inches 
per shift or 3.78 inches per day. This value is higher than that obtained 


on Test Plot 3 and must be considered a limiting value. 


lce density values measured were as follows: 


Ice Densities - Test Plot 2 


Grid Point Location Density (Ibs/ft?) Comments 
D3 52.38 Sample Int. O'-1! 
D3 55. 8h i" 1.5'-2.5! 
D3 59.40 ¥ 31-4! 
E5 55.23 WN O'-]! 
ES 55.61 A 2! 
B5 53.78 ue iB) a i 
B5 53.40 A 31-4! 
B2 56.18 Rd fe 
B2 52.90 MA 2754-035! 


Average 54.97 
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The above charges were placed throughout area indicated at about 10' to 20' 


centres. Ice near water was about four inches thick, increasing to two 


feet at back of blast area. 


Plate A69 shows the charges being placed, while Plate A70 shows the blast 
occurring. Plates A71 to A75 show the sequel to the blast. Most of the 
ice in the blast area was crushed into small pieces (up to two feet in 
size). Larger floes (10' to 15' in size) broke off around the edges of 
the open water (see Plate A72). Some of the thinner ice floes were drawn 
under the river ice downstream. Plate A74 shows the larger ice floes 


being drawn under the ice cover. 


Explosion No.2 was carried out on February 20, 1972. Plate D13 shows 
the area where the charges were placed. Size of charges varied from 
24 to 3 Ibs., with a total of 44 Ibs. of dynamite placed around the 


periphery of Blast Area No. 2, with one 3 1b. charge in the centre. 


Plate A76 shows the charges going off with the result that many very small 


ice floes formed with no large sizes (see Plate A77). 


Explosion No. 3 was carried out on February 22, 1972. Plate DI3 shows 
the area in which the charges were set. Twenty-nine one pound charges 
were laid around the periphery at about 3 yd. intervals. Plate A78 shows 


these charges going off with Plates A79 and A80 showing the result. 


Many larger floes (10' x 30’) and many smaller ones (2' to 3') developed 
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with very little crushed ice showing up. Ice thickness varied from 23" 


to 28''. Very few of the ice floes were pulled under the ice cover. 


Explosion No. 4 was carried out on February 22, 1972. A total of 254 1bS* 
of dynamite were set in 34 lbs. to 5 lb charges around the periphery of 

the area shown in Plate D13. Due to a misfire only one five pound charge 
exploded (see Plate A81), with the result that one large (10' x 30') ice 
floe broke away (Plate A82). This ice floe did not go under the downstream 


ice cover. 


Explosion No. 5 merely involved setting a forty pound charge of dynamite 
in a surface, whereas all of the previous charges were set down into the 
ice (see Plate DI13). The result was a hole in the ice and no ice floes 


produced. 


Plate A84 shows the final result after five settings of dynamite charges. 
Most of any ice floes which did get pulled under the ice cover, did so 

after Explosion 1. The first two sets of charges were too large because 
only small bits of ice blocks resulted. The smaller charge in Explosion 3 


produced some reasonably large sized ice blocks. 


Lambton Park Experiments (Edmonton) 


The operation of the experimental set-up shown in Plate A3 did not produce 
very satisfactory results. However, some of the observations are 


presented for interest sake. 
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When water was placed in the storage tanks its temperature was 
approximately ers Therefore before any ice could begin forming on the 
cryopiles, the water had to be cooled considerably and it took about one 


week to get the water to a near freezing state. 


The six inch steel cryopile was charged with 290 pounds of Freon 12 on 
February 8th, while the six inch aluminum cryopile was filled with 
Kerosene on the same day. Both storage tanks were filled with water on 
February 9th. The kerosene cryopile was abandoned on February 23rd, when 
it was discovered that the refrigerant had leaked out. Because kerosene 
is a lighter fluid than water the level of kerosene in the cryopile drained 
to a height about five feet above the ice level in the tank. Removal of 


the cryopile to repair the leak would have been impossible. 


By February 12th water temperatures in the freon tank had decreased to 
about 35°F near the bottom, 43°F at mid-level and 46°F at the top. On 
February 14th, a circulation pipe froze up causing it to break open and 
allow one-third of the water to drain out of each tank. At this point, 
one inch of ice had built up on the cryopile containing freon. Refilling 
of the tank with warm water brought up the water temperatures and caused 


a good portion of the cryopile ice to melt. 


By February 19th temperatures within the tank had decreased to a fraction 
of a degree above freezing. However, constantly freezing circulation lines 
necessitated that the space heater within the shelter be operated and 


this added heat to the water in the tank. The result was an increase in 
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the water temperature. 


The first ice measurement was taken on February 23rd and the amounts of 
radial ice growth around the freon cryopile were as follows (ice thickness) : 


Top - 3.48'', Middle - 4.26'', Bottom - 0! 


It is impossible to estimate exactly when the ice growth began but it is 
likely that on February 19th when water. temperatures in the tank reached a 
near freezing state, ice growth was rapid from that point. Therefore, 

a very rough estimate is .87 in. per day at the top and 1.06 in. per day 
at the centre of the cryopile. These values compare roughly with the 
results from the first few days of the freon cryopiles (No. 4) in the 


Fort Chipewyan experiments. 


It is interesting to note that no ice formed near the bottom of the 
cryopile. This can be attributed to the heat input at the bottom of the 
tank by the circulation system. The large pump used to circulate water 
added heat to the water, which dissipated soon after re-entering the tank 
near the bottom. Temperature measurements did indicate that temperatures 


were in general a bit higher near the bottom. 


lt became evident soon after these first measurements that a stable 
thermodynamic condition did not exist within the tank and the cryopile, 
which made any results obtained doubtful as to their applicability ina 
field situation. This all came about primarily because of; pethe 


varying and unknown amount of B.T.U.'s added by the circulating pump, 
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(2) the varying and unknown amounts of BTU's added through the tank walls 
by the space heater which had to be used to keep circulating lines open, 

and (3) solar radiation which seemed to have some Bf FeCE on the internal 

cryopile temperatures as was evident by the widely varying vapour 


pressures observed. 
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PRELIMINARY REPORT ON HYDRAULIC MODEL TESTS 


PROPOSED RIVIERE DES ROCHERS ICE DAM 


INTRODUCTION 


The office of the Peace-Athabasca Delta Project is considering a proposal 
whereby a temporary ice dam would be created at the Riviere des Rochers 
rapids in order to raise water levels in Lake Athabasca. In this proposal, 
cryopiles would be used to narrow the width of the flow channel about 200 


feet; then this gap would be plugged by causing a hanging ice dam to form. 


The material for the hanging dam would be generated by blasting the ice cover 
on Riviere des Rochers upstream of the rapids. The resulting ice flow would 
be carried downstream by the flow, through the gap and under the downstream 
ice cover. It would 'deposit' under the ice cover at some point where the 
flow velocity is low. (Forcing all of the discharge through a 200 foot gap 
will create a flow jet which will carry quite far downstream. It wil] 
diffuse with distance, spreading and decreasing in velocity.) As more and 
more material is carried under the ice cover, a ‘hanging dam' will form, 
which would lengthen, spread and deepen. Given enough material, such a 
hanging dam may deepen sufficiently to jam to the bed, thus damming the 


channel. 


A hydraulic model study was authorized by the Delta Project to check the 
reasoning concerning the development of the hanging dam and to assist in 


estimating the volume and size of material required. It was also looked 
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upon as a means of gaining insight by allowing visualization of the 
phenomenon. The study was carried out in The Graduate Hydraulics Laboratory 
of the University of Alberta by personnel of the University. Design and 
Supervision of the model and the interpretation of results were carried out 


by T. Blench and Associates Limited, Consulting Hydraulic Engineers. 


REFERENCE DATA FOR THE MODEL STUDY 


Many of the conditions that will exist at the site at the time of closure 
cannot be predicted, but inasmuch as certain data were required as input to 
the model study, some assumptions had to be made and given as instructions 


for the model study by the Delta Project office. These included: 


1. The cryopiles will narrow the channel to a 200 foot gap. 
2. The first flow condition to be model led: 

a. Riviere des Rochers discharge: 20,000 cfs. 

b. Lake Level: 680 feet. 

c. Drop from the lake to the rapids: 2.0 feet. 

d. Drop across the rapids: 1.5 feet. 


e. Model tailwater (Water surface elevation downstream of the rapids): 
676.5 feet; tailwater rating curve not defined. 


3. Thickness of upstream ice cover (source of material for hanging dam): 


a. Initial assumption 2.0 feet; modified after the section model tests 
COnl, 07 foot. 


4. Continuous rate of blasting of the upstream ice cover of 4200 yds/hr, 
bulk measure. This is equivalent to blasting 57,500 ft2 per hour or 
one 4 ft x ‘“* ft block per second if the ice is 1 ft thick, or 29,000 Ft? 
or one 4 ft x 4 ft block per 2 seconds if 2 ft thick. 


5. 4 ft by 4& ft blocks will not break up when subjected to flow forces when 
they are carried under the downstream ice cover and deposited in the 
hanging dam. 


6. Downstream ice cover (under which the hanging dam will form) not. 
artificially thickened in the model. 


7. \Inerodible channel bottom. 


G147 


G148 


THE MODEL 


The study was conducted as a Froude Law model; i.e. the Froude Number ratio 
between model and prototype was one. The tests were carried out to a scale 
of 1:100 in a section model built in a plastic-sided flume 18 inches wide by 
20 feet long. This type of model was chosen because it minimized the amount 
of model ice material required and it allowed inspection of the bottom 
surface of the hanging dam. A scale of 1:100 was chosen so that the model 
ice material prepared would be usable if the study were transferred to the 
comprehensive model at the University's Ellerslie River Engineering Bui Iding. 
Other model scales were: velocity, 1:10; time, 1:10; discharge, 1:100,000 


and volume, 1:1,000,000. 


The longitudinal section of the rapids was reproduced and the flow constricted 
from one side, leaving a gap of about one-fifth the width of the flume, which 
approximately represented the proposed prototype condition where the 1000 foot 
wide channel will be restricted to 200 feet. The correct model unit discharge 
was established and the cross section of the rapids adjusted to obtain a 

1.5 foot drop. After the flow conditions were set, a surface dam was 


introduced about 1000 feet downstream to prevent loss of model ice material. 
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MODEL TECHNIQUE 


The model ice, low density polyethylene (specific gravity 0.92), was 
introduced upstream at the assumed rate. The first portion floated through 
the gap and downstream until it was stopped by the surface dam. This 
continued until an ice cover consisting of a single layer of particles 

formed between the surface dam and the rapids. Material subsequently injected 
was carried under this ice cover and deposited, starting a hanging dam. This 
process continued, with observations being made and data photos taken at 
regular intervals, until either the test was aborted or until closure was 
accomplished. An increase in water surface.elevation upstream of the rapids 
indicated that closure was being effected. When this was observed the 
discharge in the model was decreased in accordance with the assumption that 
the discharge in Riviere des Rochers varies directly as the square root of 
the difference in water levels between the lake and a point just upstream 


of the rapids. 


FEST 


1. Section model; 20,000 cfs; 4 ft x 4 ft x 2 ft blocks; 4200 yds/hr; 
self-formed ice cover. 


a. Photos 1 and 2; 7000 yds after formation of ice cover. 
The hanging dam started forming 400 feet downstream from the rapids 
on the same side of the flume as the gap. The black line in the 
photos indicates the deepest part of the dam. (The quantity given 


above--7000 yds--is a three-dimensional-prototype equivalent in 
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terms of the volume of the dam; includes interstices.) 


b. Photos 3 and 4; 35,000 yds after formation of ice cover. 


The hanging dam grew upstream, spread to the right and deepened. 


The flow jet issuing from the gap was spread and deflected to the 


right by the dam. 


c. Photos 5 and 6; 63,000 yds after formation of ice cover. 


The dam continued to grow upstream, to spread to the left and to 
deepen. Some blocks were jammed to the bed on the left side of the 
dam. The jet was sharply deflected to the right. No increase in 


upstream water surface elevation was observed. 


d. Photos 7 and 8; 98,000 yds after formation of ice cover. 


Closure complete. The discharge was reduced to 18,500 cfs. Limited 
compressive failure (buckling) of the downstream ice cover occurred 
as a result of the thrust on the ice dam. The permeability of the 
dam seemed too large, as indicated by the large discharge passing 
through the dam at the time of closure. Inasmuch as the dam at the 
site will probably plug with small pieces of ice and frazil, the 


headloss and thrust in the model were unrealistically low. 


Section model; 20,000 cfs; 4 ft x & ft x 2 ft blocks plus granulated 
polyethylene (approximately cylindrical, 1 ft diameter by | ft long; 
added to decrease permeability); 4200 yds/hr; self-formed ice cover. 


Photos will be included in the final report. 


After the ice cover was formed out of 4 ft x 4 ft x 2 ft? bl6cks9"S 


mixture of blocks and granulated material was injected continuously at 
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the above rate. The hanging dam started to develop in much the same 

way as in Test 1, spreading almost across the flume and jamming to the 
bed in places after 28,000 yds of mixture had been added. A check 
accomplished by injecting dye into the dam indicated that the granulated 
material was effective in reducing permeability. Shortly after this 
point in the test, the upstream level started rising and compressive 
failure of the downstream ice cover began. The decreased permeabi lity 
apparently caused greater headloss and hence an increase in thrust on 
the dam. As the buckling occurred the dam drifted downstream, and even 
doubling the injection rate did not advance the closure. After about 


150,000 yds were added, the test was aborted. 


Section model; 20,000 cfs; 4 ft x 4 ft x 2 ft blocks plus granulated 
polyethylene; 4200 yds/hr; rigid downstream ice cover starting 300 feet 
from the rapids. Photos will be included in final report. 

It was thought that the self-formed particulate ice cover was too 
susceptible to compressive failure, although such failure may occur at 
the site as a result of the combination of uplift force due to the 
buoyancy of the hanging dam and the thrust on the dam. A model test was 
undertaken in which a rigid downstream ice sheet represented by a sheet 
of polyethylene was introduced in order to observe the formation of the 
hanging dam when compressive failure was not a factor. 

The hanging dam started to form immediately when the mixture of blocks 
and granulated material was injected and developed in a similar fashion 
to the dams of Tests | and 2. At 35,000 yds, the first blocks jammed 
to the bed. At 50,000 yds the upstream water surface started rising. 


At 105,000 yds closure occurred; no downstream movement of the dam was 
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observed. 


CONCLUSIONS 


For the conditions set out for the study, the model indicated that a 
hanging dam will form and jam to the bed. 

Some analysis has to be carried out regarding the likelihood of 
compressive failure of the downstream ice sheet. lf it appears certain, 
some input to the model regarding the extent of such failure is required. 
The permeability of the hanging dam in the model is important. If the 
permeability at the site will be near zero due to frazi] ice, then the 
model dam must be made impermeable by the addition of suitably graded 


material. 


RECOMMENDATIONS 


Before the proJect is undertaken, it is recommended that conprehensi ve 
testing be conducted on a correctly contoured three-dimensional model. 
This ‘requires a tailwater rating curve to be defined as a mode] input. 
The scheme shoutd be tested at higher discharges if it is possible that 
it will have to be implemented at higher discharges in the future. 

The rate of generation of ice used in the study was very high; it is 
recommended that future studies be carried out at a conservatively low 
rate as volume of material required is partially a function of rate of 


feed. 
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RELEVANT COMMENTS ON CRYOPILE EXPERIMENTS 


FORT CHIPEWYAN 


Cryopiles 1-6 placed in river, February 11th. Filled Nos. 1, 2, 5, and 
6 with diesel oil. 


February 15th, filled Cryopiles 3, 4 with 290 Ibs. of liquid Freon 12 
each. Measurements on circumferences on Cryopiles 1, 2, 5 and 6 by 
Army. 


February 17th, circumferences measured on all Cryopiles (by Army). 


February 19th, circumferences measured on all Cryopiles (by Army). 
Placed in Cryopiles 7 and 8. Noted small leak in Cryopile 4. 


February 21st, Cryopiles 7 and 8 charged with liquid Freon 12. Cir- 
cumferences measured on Cryopiles (by Army). 


February 23rd, circumferences measured on all Cryopiles (by Army) . 
February 28th, circumferences measured on all Cryopiles except 7. 
February 29th, circumference measured on Cryopiles |, 2 and 3. 


Bled Freon 12 out of 3 in order to facilitate reconstruction of Cryopile, 
March 4th. 


March 6th, constructed new Cryopile (No. 3) so that diesel oil can be 
pumped down center (2'') pipe to bottom of Cryopile. It was thought 
that this would improve the heat transfer qualities of a Cryopile. 


Bled off pressure in all Freon 12 Cryopiles to 5 psi; March 9th. 


March 10th, pressure in Freon 12 Cryopiles back up to 18 psi, which 
may partially be due to the effect of solar heat. Began operating 
Cryopile 3. Complete circumference measurements made on Cryopiles 3, 
4, 7 and 8; partial measurements on remainder. 


March Ilth, ice around Cryopile 3 is beginning to melt so it appears 
that the diesel being circulated is picking up a lot of B.T.U."s from 
the pump. Cryopile 3 shut down. 


March 3lst, pulled all Cryopiles except 5, which broke off about four 
feet below the ice surface. 
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Date (1972) 


Tues. 


Wed. 


Thur. 


Pele 


Sat. 


Mon. 


Tues. 


Tues. 


SUMMARY OF DAILY FIELD NOTES - FORT CHIPEWYAN ICE DAM EXPERIMENT 


Feb. 


Feb. 


Feb. 


Feb. 


Feb. 


Feb. 


Feb. 


Mar. 


Mar. 


15 


16 


17 
18 


2) 


22 


Comments 


Freon 12 forced into Cryopiles 3 and 4 by means of heating 
up tanks with propane torch. 


Sprinklers on Test Plots ] and 2 froze up because of snow 
and slush in lines. Impossible to prime high head pump. 


First flooding on Test Plot 3; 4!'-6'' of water in two hours. 


lt appears low head pump too big because of inability to 
distribute water evenly. Extreme difficulty in priming 
and starting pumps. 


Trouble maintaining tight discharge hose due to freezing 
of water within hose. Lowered two Cryopiles (7 & 8) 
using front-end loader; worked well. 


Both sprinklers started. Drive to rotate them won't 
Operate, but can be turned by hand. 


Sprinklers out of commission because intake hose frozen 
solid. Flooding of Test Plot 3 continuing. 


Sprinklers started up again but must continue to turn them 
manually. Sprinklers and lines frozen solid. 


Suction hoses on both pumps continue to freeze-up. 
Applied insulation and heat tapes to irrigation pipe. 


Operated sprinklers but suction hose froze up and pipe 
joints blew apart. 


Sprinkler started up on Test Plot 1, but not Test Plot 2 
because too many pipes have been broken. Flooding on 
Test Plot 3 continuing. 


lrrigation pipes keep blowing apart and must be bolted 
together. Repairs made and sprinkler back on. 


Having trouble keeping water from running out of Test 
POE 47 


Sprinkler on Test Plot 1 continuing to run satisfactory. 


Continue to loose irrigation pipe and fittings because of 
poor connections, but sprinkler is continuing to be operated. 


Started flooding both Test Plot 2 and 3. 
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Date (1972) Comments 
Wed. Mar. 8 Flooding three times a day and sprinkler still operating. 
Sun. Mar. 12 Temperatures getting too warm to make ice. Sprinkler shut 


down because high head pump seized. 


Wed. Mar. 15 Difficulty in taking ice densities on Test Plot | because 
of water lenses (2!'' thick) through ice pack. 


Thurman. 6 Started flooding Test Plot 3 with small (2'') pump rather 
than the large (6'') pump. This worked very well. 


raicetata.. |) / Connecting rod on 2'' pump broke, flooding operation halted. 
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H1 
INTRODUCTION 


The flow regime of the Peace-Athabasca River System has been 
considerably altered since the construction of the W. A. C. Bennett Dam. 
The effects of this dam on downstream levels and flows were considered in 
an earlier study (Coulson and Adamcyk, 1969). Since the publication of that 
report, some more data have become available, Also, a rockfill weir on the 
Riviere des Rochers, the main channel connecting Lake Athabasca to the Peace 
River, has been proposed. In view of these considerations, the Peace- 
Athabasca Delta Project undertook a study to estimate the effects of these 
control structures on the levels of Great Slave Lake and flows of the Slave 
River and the Mackenzie River. This appendix presents an analysis of the data 
obtained by the Project. The main objective was to study the conditions during 
the navigation season which extends for a five-month period from June 1 to 
November 1, The recorded or estimated data are the mean monthly flows and the 
mean daily end-of-the-month lake levels for a 12-yr period of 1960 to 197] 
inclusive. ‘The results of this study may be considered of limited accuracy 
only because of some possible errors in the estimated data and small sample 


size. 
EFFECTS ON THE SLAVE RIVER 


Table 1 gives a comparison of the mean monthly flows of the Slave 
River at Fitzgerald under natural and regulated regimes, The estimates of 
June, peak and October flows through the full range of probabilities are 
given. Two conditions of regulation are: (1) the Bennett dam only and 
(2) the Bennett dam and the Rochers Weir, 

This table shows that the effect of the Bennett Dam in reducing 


the natural flows in the early part of the navigation season is quite 
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pronounced although in October the differences between the regulated and the 
natural flows are small. The effect of the Rochers Weir is not so clear, 
During the early part of the season, it appears to slightly increase the flows 
of low probabilities and to slightly decrease the flows of high probabilities. 
However, the differences are so small as to be negligible. The October flows 
of all probabilities are reduced by the Rochers Weir, A possible explanation 
is that the Weir holds back the outflow from Lake Athabasca during summer and 


fall months and releases it later during winter and spring months, 
EFFECTS ON GREAT SLAVE LAKE 


Reductions in the levels of Great Slave Lake may affect barge traffic 
on the upper Mackenzie River, particularly on Beaver Lake which is located at 
the outlet of Great Slave Lake, Although this problem is not expected to be 
serious, it is necessary that some estimates of the expected changes in its 
regime be made. Table 2 gives the estimated natural and regulated levels of 
Great Slave Lake at Yellowknife Bay at various probabilities, 

This table shows that the effect of the Bennett Dam is to raise the 
Lake levels in the beginning of the navigation season, As the season progresscs, 
the regulated level becomes less than the natural level and remains so throughout 
the season. The effect of the Rochers Weir is to slightly increase the levels 
regulated by the Bennett Dam until the middle of the season, However, in the 
latter part of the season, the effect of the.Weir is to decrease these levels 
by about 0.10 foot. 

The average reduction in the peaks by the Bennett Dam is about 0.5 
foot. The Rochers Weir appears to have little or no effect on the regulated 
peaks. 


In order to correctly interpret the regulation by the Bennett lam 
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with and without the Rochers Weir, it is necessary to follow the annual march 
of the natural and regulated Lake Levels. It may be noted that the peaks under 
natural and regulated conditions do not always occur in the same month. An 
analysis of the 12 yearly peaks revealed the following: (1) The timing of the 
peak was poverned by the Bennett Dam only and the Weir had no effect on it: 
(2) natural peaks always occurred in July or August while the regulated peaks 
occurred in May, June or July; and (3) 6 regulated peaks occurred in the same 
months as natural, 4 occurred 1 month earlier and 2 occurred 2 months earlier. 

Table 3 gives the 12-yr means of the natural and regulated levels 
of Great Slave Lake at Yellowknife Bay. It also gives the changes in levels 
attributable to the Bennett Dam with and without the Rochers Weir. The net 
effect of the Rochers Weir is also given, In general, the effect Ctethe sre 
gulation is to decrease the levels from June to November and to increase them 
from December to May. The mean maximum end-of-the-month reduction due to the 
Bennett Dam only is 0,44 foot and with the Rochers Weirait ts 0555 foot. P7NEsSe 
reductions occur in August, The mean maximum end-of-the-month net effect of 
the Rochers Weir is in September when it introduces a reduction of 0.13 foot 
in the level regulated by the Bennett Dam, 

Figure 1 shows the changes in the lake levels during the navigation 
season due to the operation of the Bennett Dam only for the 12-yr period. 
The maximum reductions vary from about 0,1 to 0,9 foot with a mean value of 
about 0.5 foot, and occur in July or August. 

Figure 2 shows the changes in the levels due to the operation of 
the Bennett Dam and the Rochers Weir, The maximum reductions in this case 
vary from about 0.2 to 1,2 feet with a mean value of about 0.6 foot, and 


occur in July or August, 
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Figure 3 shows the net effect of the Rochers Weir. The maximum 
reductions vary from about 0,1 to 0,25 foot with a mean value of about 0.15 


foot and generally occur in September or October, 
EFFECTS ON THE MACKENZIE RIVER 


The relationships between the levels of Great Slave Lake at 
Yellowknife Bay and the flows of the Mackenzie River near Fort Providence 
for open water as well as for ice conditions have been derived in the 
Athabasca-Mackenzie Basin Report (1971). Using the open-water relationship, 
the changes in the flows of the Mackenzie River were computed from the changes 
in lake levels give in table 2, These changes at different probabilities 
are given in table 4. The mean monthly natural flows of the Mackenzie River 
near Fort Providence from May to November are 150, 242, 271, 266, 249, 230, and 
172 thousand cfs respectively, Thus, the changes due to regulation are smal] 


and hardly exceed 10% of the natural flows during the navigation season, 
CONCLUSION 


The following conclusions can be drawn from this study: 
1. The Bennett Dam has caused and will continue to cause changes in the 
regime of the Slave River, Great Slave Lake and the Mackenzie River although 
these changes are small compared to those caused in the regime of the Peace 
River alone. 
2. The Rochers Weir will retard the outflow from Lake Athabasca, This will 
cause a reduction in the flows of the Slave and the Mackenzie Rivers and levels 
of Great Slave Lake in the latter part of the navigation season. During the 
Winter and spring months, these flows and levels will be higher with’ ‘the ‘Rochers 


Weir than with the Bennett Dam alone, although the effect will be smal]. 
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3. The mean maximum reduction in the levels of Great Slave Lake due to the 
regulation by the Bennett Dam without the Rochers Weir will be about 0.5 

foot (Fig. 1) and with the Rochers Weir it will be about 0.6 foot (Fig. 2). 
The maximum reductions due to these regulations occur in July or August. 

4, The mean maximum reduction in the levels of Great Slave Lake due to the 
effect of =the Rochers Weir ae be about 0,15 foot. This effect is generally 


maximum in September or October (Fig. 3). 
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ANTRODUCTION, 


The sediment program for the Peace-Athabasca Delta Project 
consisted of sampling at seventeen different river locations and on 
five lakes. At nearly all locations both suspended sediment and bed 
material samples were obtained. All samples were shipped to Water 
Survey of Canada laboratory located in Regina. 

At most locations velocities encountered were low enough 
and the depth shallow enough to allow ie of lightweight hand samplers 
(DH48 and DHS9). For the same reasons, a bucket-type (Lane) sampler 
was used for bed material sampling. On larger rivers, such as the 
Athabasca and its distributary channels, larger samplers had to be 
used. For suspended sediment a D-49 and for bed material a BMH-60 
was used. On the Riviere des Rochers and the Peace River, a P-61 
suspended sediment sampler was used along with a BMH-60 bed sampler. 
Suspended sediment samples were obtained with each measurement. At 
various times, complete depth integrated sediment measurements were 
taken on the major streams. Suspended sediment samples in the lakes 
were obtained using an instantaneous trap sampler. For the bed 
material a Lane sampler was used on all lakes except Lake Athabasca 


where a BMH-60 bed material sampler was used. 


liv 
SOURCES _OF DATA 


The data compiled herein is a co-ordinated effort of Water 
Survey of Canada (Environment Canada) and the Alberta Water Resources 
Division (Department of the Environment). Data was collected for 
most stations from the Peace-Athabasca Delta Project Camp, located in 
Fort Chipewyan. Results for the Athabasca River and its distributary 
channels were collected by Water Survey of Canada's Fort McMurray 
sub-office. The Peace River at Peace Point and the Slave River at 
Fort Smith sites were sampled by staff of the Water Survey of Canada 
Fort Smith sub-office. 
For further information and results, please feel free to 
contact: 
Water Survey of Canada, 
Department of the Environment, 


110 - 12th Avenue S. W., 
Calgary, Alberta. 
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RESULTS. 


Preliminary examination of suspended sediment results 
indicates very little correlation with flow (see Figures 1-5). In 
all but one plotting (Figure 1) of measured discharge versus 
measured suspended sediment concentration, the results appear almost 
as a random plot. Figure 1, for the Athabasca River at Embarras Air- 
port approaches what would be expected in most streams. Without mean 
daily flows for all stations, a more complete analysis is not possible. 

The only obvious aspect of the available sediment analysis 
results is the very low sand (>.50 mm) concentrations in streams 
leaving Lake Athabasca. Again, Athabasca River at Embarras Airport 
and other streams entering the lake approach what might be thought of 


as normal for sand concentrations (20-30%). 
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DESCRIPTIONS OF. SEDIMENT. SAMPLERS. USED 


U.9-. DH-48 and U.S. DH-59:: 

These two samplers, as illustrated in Figure 6 and 7, are 
very similar in nature. The DH-48 sampler weighs four and one-half 
pounds and the DH-59 twenty-four pounds. These samplers are used for 
shallow streams which can be waded or for streams of medium depth and 
low velocities. Each sampler comes equipped with three different sized 


nozzles: 1/4 inch, 3/16 inch and 1/8 inch diameter. 


Us 9.1, D-49 : 

For larger streams which are less than eighteen feet deep the 
D-49 sampler is used (see Figure 8). This sampler is twontyatour inches 
iene and weighs sixty-two pounds, and comes with the three different 
sized nozzles. It is designed for sampling using a cable and reel 


suspension system, 


U.S. P-61: 

For greater depths or rivers with high velocities, a 100- 
pound P-61 sampler is necessary (Figure 9). This sampler is equipped 
with an electrically operated valve so that point samples or integrated 


Samples may be taken. 


BMH-60: 

The BMH-60 bed material sampler weighs thirty pounds (see 
Figure 10), and is restricted to lakes or streams of moderate depths 
and velocities where bed material is soft and does not contain much 


gravel. 


' "The sampler mechanism of the U.S. BMH-60 consists of a scoop 
or bucket driver by a cross curved constant torque motor-type spring 
that rotates the bucket from front to back. The scopp, when activated 
by release of tension on the hanger rod, can penetrate into the bed 


about 1.7 inches and can hold approximately 175 cc of material". 


instantaneous. Trap Sampler: 
This sampler is designed to be used on lakes or places where 
a sample at a particular point is required. The sampler consists of a 


long cylinder which has a spring trap door at either end and can be 


closed mechanically at any desired depth. 


Lane. Sampler: 
This light weight bed material sampler is very easy and quick 
to use. Jt is a bucket-type sampler which is dragged along the bottom 


of the stream to scoop up a sample. 
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DRILL TO FIT STarmARD '/2” ROUND - 


"WADING" ROD. 
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Fig. 6 DEPTH-INTEGRATING WADING TYPE HAND SAMPLER, US DH-48 
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Fig. 7 DEPTH-INTEGRATING HAND LINE SAMPLER, US DH-59 
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Figo. .8 DEPTH- INTEGRATING SAMPLER, US D-49 
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Fig. 9 POINT-INTEGRATING SAMPLER, US P-61 
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Fig. 10 HAND-LINE BED-MATERIAL SAMPLER, US BMH-6( 


If water exceeds this level, 
————=_ discard sample and obtain 
another in a clean bottle 


Desired range for water level 


Etched writing area 


: If water is less than this level, 
2. Feesesatesceaeen ete! 4 ~~ integrate again using transit rate 
at least as fast as first time 


Bottle No. 


Gage height 


Mark with a soft blue or black pencil 


Initials 


Fig. 11 Diagram of sample bottle showing desired water levels and essential recorded information. 
Sometimes other information concerning type of sampler used, the section location, and stream 
conditions should also be noted. 
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SROSMEAT. SAME EING. TECHN IES 


ouspeided Sedinenk, Sampss jig: 

All suspended sedinent samplers are used in the Same manner. 

‘Ihe sampler type and size depends on the river velocity and depth. 

The sampler should be lowered and raised at uniform rates which will 

give a sample size as indicated in Figure 11. If the sampler is raised 

or lowered too fast, the sampler will not stay in a horizontal position. 

Nozzle size adjustment is used to ensure proper sampling conditions. 
foetie river ol. .too, fast Or déep to vet within the above 

limits, then a point intergrated sampler must be used. This allows for 

the sampling of only a portion of the depth at one time. The controllable 

BIeCt ric Waive eusurc wChiS. 

The instantaneous trap sampler is used when samples at a known 
depth is required. The onds are opened and the sampler lowered into the 
water to the desired depth. <A messenger weight is dropped to activate 
the spring and close the ends. Samples are taken from near the bottom, 
middle and surface. 

Depth integrated sediment measurements samples were taken at 
the station in which 10, 30, 50, 70 and 90 per cent of the total flow 
had been measured. Most sediment samples were obtained at approximately 


the SO per cent flow vertical. 


Bed Material Sampling: 
The 'BMH-60"' bed material sampler and the ''Lane Sampler'’ were 


used for this project. Samples were obtained from the same verticals 


as suspended sediment as well as at the water's edge, high water mark 
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and half way to high water mack on each bank. One Sample is obtained 


from each vertical. These were obtained twice, once in the spring and 


once in the fall. 


115 


SEDIMENT STATION. ANALYSIS 


MDL Soc, KVES AL Lupa SS. ALTDORE! 
cumples were taken at ten different times during the scason 
with five complete sediment measurements being done. Bed material was 


sampled twice. Work was done using a boat. 


Athabasca River, below McMurray: 
This 1S a major continuing sediment station with a complete 


suspended and bed material program. 


Baril Lake Sediment Location: 


Samples were obtained on July 20 and October 23, using a 
helicopter for transportation. The lake was shallow enough that 


suspended sediment and bed samples were dipped by hand. 


Big Point, Channel. below, Divergence : 
Samples were obtained on ten different dates using a D-49 or 
DH-S9 suspended sediment sampler. Two complete sediment measurements 


were made. 


A "DH-59'' sampler and a "'Lane" sampler were used to obtain 


the samples. All work was done by boat. 


Chena] des Quatre Fourches below Four Forks: 
Forty suspended sediment samples were obtained. Four complete 
sediment measurements were included. Bed material was obtained on two 


different dates. All work was done from a boat. 
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Ambarxas, River below Divergence: 
Samples were obtained on nine different dates with complete 


sediment measurements. 


Fletcher Channel below Divergence: 
Samples were obtained on ten different dates. Two complete 


Scdiment measurements were obtained. 


Goose. Island Channel below Divergence: 
Samples were obtained on ten different dates with two 


complete sediment measurements. 


Harrison River near ti 1e¢ Mouth: 


Only one sample was obtained from this Station. 


Lake Athabasca Sediment Locations: 

Sanples were obtained three times during the summer. On 
June 30, a fixed-winged aircraft was used and because of the roughness 
cf the lake had to land in sheltered areas that were not good sampling 
locations. Samples taken in July and October were taken at different 
locations. Samples were taken in a line extending from the Mouth of 


Big Point Channel towards Bustard Island. 


Lake Claire Sediment Locations: 
A fixed-winged aircraft was used as transportation. Only two 
locations were sampled in June. A third location was added for samples 


taken in July ard October. 
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Lake. : Manaw., S edtyrcy it z y ik Cd nS z pi ys ns Y 
June and a helicopter 


A fixed-winged aircraft was used in 


in July and October. 


! Marjay AS ia, k &, Channel, at, Do Ss camp. 
Samples were obtained from a boat. Thirty-two samples 


were obtained at different dates, with two of these being complete 
Bed samples vere obtained twice during the 


sediment measurements 


SGas on . 


Meivor River pear the Mouth: 
Only one sample was optained here. 


Fort River near the Mouth: 


Old J ar 
Only one sample was obtained here. 


Peace, River at Peace. Point: 
This is a continuing sediment sampling station with a very 


limited program. A few bed material and complete sediment measurements 


have been taken. 


> iver near Lake Claire: 
he Prairie River started the end of Julv. 


7m 


Dod 
7 


Sampling on 
Samples were obtained on nine different dates with two complete sediment 


Bed material was obtained twice during the season. 


.. des Rochers:: 
Samples were obtained on thirty- 


Bed 


measurements. 


Revillon Coup4 below confluence Riviers 


Samples were obtained by boat. 


four different dates with only one complete sediment measurement. 


material was not sampled at tnis location. 
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bAMarson hake oolameut, Locations: 


wichardson Lake was sampled in August and then again in October. 
v 
A fixed-winged aircraft was used as transportation. Sample locations in 
August were described as RN and RS, but were changed to No. 14 and No. 13, 


respectively. 


Swvere des Kochers at Ben Houles' Cabin: 


Sapling was done using a boat. Because the depths were around 
40 to 50 feet, sanple "A" was cater from the bottom to mid-depth and 
Sample ‘'B" from mid-depth to top. Samples were obtained on 51 different 
dates with four of these being complete sediment measurements. Bed 


material was obtained twice during the year. 


Slave River at Fort Smith: 


Daily sediment sampling started in August and continued on 
until October 21, with a weeks record being missed at the end of 
August. Samples were obtained at the Fort Smith water pumping station. 


A pumping system was developed from which daily samples could be obtained. 
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J] 
INTRODUCTION 


Inherent to a thorough hydrological investigation of a basin is the evaluation 

of its underground water regime. Groundwater is largely hidden from view, and 
principles of its physical and chemical behaviour are only beginning to be under- 
stood. Yet quantitatively, the volume of groundwater in the earth's crust is 

far greater than that of all fresh surface water. It is estimated that 0.63 
percent of the earth's water is underground, while only 0.02 percent is in 

lakes and streams at any given time (Brown, 1967, p.7). Most of the balance is 


in the oceans and is not potable. 


The presence and movement of groundwater can be interpreted by specialists so 
as to recognize its effect on soil profiles and fertility, base flow of streams, 
and distribution of certain vegetation types. Because of the importance of 
such factors, the Delta Project decided to conduct an investigation into the 
groundwater regime of the Delta, in order to determine: 

|]. Whether fluctuations in surface water stage are related to corresponding 
fluctuations of the water table. 

2. Whether artificially raising of levels in the major lakes (ie. Lake Atha- 
basca, Lake Claire, Mamawi Lake) and rivers would also raise levels of 
smaller adjacent lakes through groundwater transfer. 

3. The relationship between plant communities and water table depth in the 
Delta, and changes in plant distribution caused by changes in groundwater 
depth. 

In order to implement this study, 2] shallow water table wells were installed 

in seven strategic profiles. In addition, information from ten other wells 


was made available by Canadian Wildlife Service. All were ten feet or less 


J2 


in depth, and all were constructed of four-inch diameter slotted plastic pipe. 
The profiles were assigned letters A to G for identification purposes, except 
the one installed by Canadian Wildlife Service, which was labelled Transect 4. 
Elevations of the wells were surveyed, and water levels measured from early 
August until freeze-up in late October, 1971. Water temperatures were mea- 
sured twice in 17 wells; and water samples taken from selected wells for 


analysis. 


In addition, six deep test-holes were drilled near Lake Claire to explore 
for a suspected preglacial valley, as its presence might have a profound 
influence on groundwater regime of the Delta. These letter holes are numbered 


H-1 to H-6. All wells and test-holes are located on Figure 1. 
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PREVIOUS INVESTIGATIONS 

The bedrock geology of the western edges of the Canadian Shield and of the 
adjacent Devonian carbonate sequence have been the subject of many investiga- 
tions starting with those of Macoun in 1877. Such studies are continuing 
today particularly at the Research Council of Alberta, in order to decipher 
the complex Devonian stratigraphy of the area. Although no previous ground- 
water research has been done within the Delta, R. Green, Research Council of 
Alberta, has noted hydrogeological phenomena such as karst topography and 


saline springs in adjacent areas. 


Bayrock and Root (1972), Research Council of Alberta, have mapped surficial 
geology and interpreted the Quaternary history of the Delta area. Novakowski 
(1967) installed five water table wells at various locations, but only one 


reading was taken at each site. 


HY DROGEOLOGY 


Bedrock Formations 


Precambrian plutonic focks. These rocks of the Canadian Shield are exposed in 


numerous small hills in the northeast part of the Delta. The relief of the 
Shield in adjacent areas is in the order of two hundred feet. Thus it seems 
probable that similar relief is also present within the eastern part of the 
Delta (Bayrock, and Root, 1972). Except for some permeability along fault or 
breccia zones, these rocks can be considered as a virtually impermeable base 


for all groundwater movement. 
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Athabasca Formation 

The Athabasca Formation, of Precambrian age, does not outcrop, but is sus- 
pected to underlie at least part of the Chipewyan Indian Reserve. It consists 
of white, grey and red medium to coarse-grained sandstone, flat-lying to 
strongly crossbedded (Green, 1970). Permeability is highly variable, as some 


areas are tightly cemented, whereas others are completely uncemented. 


This formation is buried below an estimated one hundred to two hundred feet of 
deltaic sediments, and thus probably takes little active part in groundwater 


movement of the Delta itself. 


Devonian Formations 

The Devonian sequence of this area consists mainly of sedimentary carbonates 
and evaporites. Outcrops in the Peace Point area to the west, and south of 

the Birch River Delta are mainly gypsum. The author also examined a previously 
unreported gypsum outcrop at Spruce Point. Limestone is abundant in drift of 
the same area. Green (1970) has mapped many karst features to the north and 
south of the Delta area. Saline springs, rivers and flowing wells are well- 
known for several hundred miles both north and south of the Delta. Thus, 
Devonian groundwater may be expected to be highly saline and, by inference 

from adjacent areas, may discharge in sizeable volumes. Evidence will be shown 


later of its influence in the study area. 


Surficial Deposits 


Pre-glacial alluvium. Virtually no information was available on subsurface 


hydrogeology of the Delta previous to this investigation, except that which 


could be inferred from surface features. It was known, however, that several 
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pre-glacial alluvial valleys were present somewhere in the area, based on 
studies in adjacent regions. Because pre-glacial alluvial aquifers typically 
are highly permeable, their depth and distribution were considered important 
to groundwater regime in the Delta. Therefore, a deep drilling program was 
undertaken to verify this information, and six deep test-holes were drilled 
near Lake Claire in March, 1972. They are numbered H-1 to H-6. Results of 
the drilling program, supplemented by interpretation of geologic and topo- 
graphic maps, have shown that pre-glacial alluvium occupies channels whose 
distribution is approximately as shown in Figure 1. Table 1 lists the logs of 
the six test-holes and one other hole drilled in 1958. The test-hole program 
revealed that these sediments are of limited importance to surface groundwater 
behaviour because they are buried below 89 to 240 feet of glacio-lacustrine 
sediments. Permafrost is also present in some areas. Moreover, glaciation 


has overdeepened the channels and removed alluvium locally (Bayrock and Root, 


1972). 


(Oe 

Thin till was present in test-holes H-1, H-3 and H-4. It was reddish in color, 
sandy, and contained numerous gypsum pebbles, with lesser quantities of lime- 
stone and gneissic pebbles. The till is likely of intermediate permeability 
between that of the pre-glacial alluvium and the overlying glacio-lacustrine 


sediments. 
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Table | 


Deep test-hole logs, Peace-Athabasca Delta 
(Abbreviations used are standard geological symbols) 


H=l; SE=G=113-14- Wiese Elev. 6860tt. ) Marcha 1251972 


O ==" 16) “clay; lt. Dinn-gy ..s lecalcemsttsecurty 
16:01 7% 5432-45 0c LayjAghtrban=gyris litca lice iwestie sts tty 
32-56 aclays ltdy. calc. sites ity 

56m 5 (8Sielhic lay Het .qys8 Caligatcitt Wisi ty 


88 - 140 clay, It gy, sl mica (or selenite?), v sft, calc, s dy 

140 - 141 sand 

lily = 145 “clay, Vtlgy, v sftyacale,esiesdy 

145 - 145.5 till, granite bldr 

145.5- 156 till, red, sdy, wht gypsum pbls 

156..:-) 70; . sand,! gtzintrd-sberdg WV fi, poorlis td, *red *claysi pbc), 
sl calc 


Installed 2'' diameter observation well at 159 ft., with pressure gauge at 
top. Flowing. 


H-2ty SE-Ae dl 25a, Ws Fo Elev 016860 ee March? 133,)"1972 


One au Oe bo musikegmadbil k ,, suit 

6 == 16 clay, It gy-brn, firm, calcy sity 

24ho* )32 <oclay; dk gy-brnjy firm, calley"s ity 

32-40. «clay, |t.gyy Vistt. sity 

LO @-. 432) sands. Sy Sap, wWarfs hs lityas calles mica 

H3av= 89° ‘clay, ilt gy. Viste, calc, sity, few pink ptgs 

89 - 90 sand, grav, pink clay, sd is clear qtz, f-m, sb ang; 


pbls are gyps, wht; cht, Dik; ls7 brn. 
permafrost at 89, -5°C. 


H-35, SE~4=111-15- Wi4.) Elevs 686 ft? March? 14301972 


0 - 8. elelaysusdygamagysasfiteecalegysility e 
8 - 16 Clayse VLOUIN-dy .S fC, ) Calcums ity LO 
loni7igGheo aclayglimaviay Sétyisdicake, islty 30308 -3h86? 
64-7) 80 clay. ltady sft. asiecalours | ty ces wiitels 
80, (74 488s }oclayjs ltagylavysfbgesticalesusl ty 3850 
85° = "965 “clay. lteay-birn,ev sftees) wcalc uss .ty tele 
96. 1-105. ‘clayjsovag Sisdy ast & calcersi ty ele 
\O5s =a 2 till, red, v sdy, m-c, ang-sb ang, ge 


clear gyps pbls 
lez gypsum, bedded, wht-clear, c xtalline = 


H-4; NE-7-110-14- W.4, Elev. 686 ft. March 14, 1972 


OL eee Oe Gl leyedyps, 1s, gran cobbles 
an gypsum, wht, sft, weathered, bedded 
11 gypsum, It bf, bedded 


AE Ret Continued 
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Table 1 (Continued) 


H-5; SW-26-114-12- W.4. Elev. 705 ft. March 15, 1972 


0 - 8. sand, wood frag ~ 
oS aa Sarid esiol ts, Val; oo. CoD -1.0°C 
16 - 24 sand, f-m, s & p, ang-sb ang, clear - 

yel qtz -1.5° 
24 - 32 sand, m-vc, s & p, ang-sb ang, clear - 

yel qtz -1.0° 
32. - 40 sand, m-vc, s & p, ang-sb ang, clear - 5 

yel qtz, few Is frag =) as 
4o - 47 sand, as above, dark organic debris -1.0° 
48 - Sk sand, m-c, s & p, ang-sb ang, clear - 

yel qtz, sl calc., end of permafrost -1.0° 
54 - 76 sand, c-vc, s & p, ang-sb ang, clear - 

Uteveleqtz,<stucalc +1.5-9.8° 


Cpe hele, Cavemalt GV, SGhckVems tt, S| Calc, =S.Uty 0.5-0.7° 
ize Zor eiclay, ltrgye sticky; sft, sl cale, sity, 


pink ptgs 0.9° 
128 - 152 clay, m gy, sticky, v sft, slty 0.9-1.6° 
fee e200" eclay, it. pink-0y, sticky, sft, sl calc, 

slty 1.5-1.6° 


208 - 232 clay, m pink-gy, sticky, sft, sdy - 
232 - 240 clay, m gy, sticky, harder, sdy - 
240 - 243° pea grav & sd, gneissic, purple qtz, 

wht qtzite, brn Is. - 
243 bedrock? too hard to collect smpl. 


H-6; SW-28-113-13- W.4. Elev. 690 ft. March 16, 1972 


0 - 6  muskeg, blk, sft - 
6 - 8 sift; dk oyPSsticky,@stt>- st-org #310°6 
Cae elo ME Site tardy. S51 SOY, S't, Sticky se stl 
calc 329° 
fom Gece it putt. TuUSty Stks, Sticky, sic, 
calc 314° 
2h = ‘56 “clay, It gy, sticky, v sft, sl! calc 3.3-3.4° 
56-= 80 clay, It gy, stickySevrsTretsT caic; a 
pink ptgs Samer i 
Sue 696 “clay, ltigy, Sticky a vesftts slecalc 3.8° 
965 - 120. clay, It gy, sticky, sft, calc, silty 3.7-3.9° 
12079-2200 elays*it®gy, sticky, *sft, calc, sity, 
pink ptgs 3.5-4.6° 
200SM= 227e82c lave megyfesdyh STt! Catcs pink *ptgs 4,6-4,9° 
227 - 232 clay stones, brick red, abnd frag gyps, 
v hd h , 8° 


Test-hole, NW-29-113-12- W.4. Elev. 690 ft. July, 1958 


Oma. 5 fine sand 

391 soft silty clay 
391 - 392 granite boulders 
394 red clay 

400 soft clay (shale?) 


ine) 
wm 
t 


W WwW 
\O \O 
eh 
| | 
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Glacio-lacustrine Sediments 

The March, 1972 drilling program showed that the bulk of post-bedrock depo- 
sition in the Delta consists of very fine glacio-lacustrine sediments, pre- 
sumably deposited during and immediately after glacial retreat from the area. 
These sediments are up to 300 feet or more thick. Analysis of samples from 
test-hole H-6 show (Table 2) that these deposits are almost entirely in the 
silt-clay size range. Todd (1959, p. 53) places their permeability (Ks in 


' 0 1073 gal. /day/ft.-. 


the range of 10. 
Deltaic Sediments 

Deltaic deposits represent a relatively thin veneer above the glacio- 
lacustrine materials in most of the Delta. West and immediately north of 
Lake Claire, such deposits are predominantly sandy and are about 10 to 25 
feet thick. At Sweetgrass Landing, however, the 1972 drilling showed a 
thickness of 76 feet. In this area, deltaic sand is coarse to very coarse 

at the base, decreasing to very fine and silty at the present land surface. 
Mechanical analyses of samples from test-hole H-6 (Table 2) indicate that the 
deeper sediments were deposited in quiet conditions. More turbulent con- 
ditions prevailed during deposition of the top 120 feet of sediment, as 


evidenced by lower clay and higher sand content. 


Modern and recent deposition in the Athabasca part of the Delta consists of 
somewhat finer material (Table 3), as shown from mechanical analyses of the 


E and F profile samples. Permeabilities (Ks) in this material are in the 


l 


order of 10° to 10 (Todd, 1959, p. 53). 


Table 2 


Mechanical Analyses of Samples, Test-hole H-6 


Depth (ft.) 
24 


ho 

an 

80 
104 
120 
136 
168 
184 
192 


216 


Sand (%) 


6 
8 


3 
2 


Z 


Stites) 


4S 
62 
hg 
73 
58 
65 
45 


Clay (%) 
hg 
30 
48 
25 
40 
31 
20) 
oo 
76 
96 
61 


49 
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Table 3 


Mechanical Analyses of Samples, Profiles E & F 


s—-| E=2 Eas 
Sand Silt Clay Sand Silt Clay Sand Silt 
(4) _(%) %) (2) gil) eal) (% (%) 
Z0. 168 12 5 es, 18 3 74 
13 70 17 19 66 15 3 66 
dala 21 Thal’ Bie Meo A¥ Boer ros 
7 71 22 3 74 23 5 75 
5 69 26 2 7 24 3 74 
F-] F-2 
Sand Silt Clay Sand Silt Clay 
Del OCS bated eek Gy, (Sy (Ze AC) 
10 73 Ve 6 65 2g 
8 71 2) 0 57 43 
8 68 24 4 Sh 42 
4 69 747) | 63 28 
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GROUNDWATER REGIME 
Permafrost 
The Peace-Athabasca Delta is climatically within the zone of discontinuous 


permafrost, as defined by R.J.E. Brown (1967). Brown defines permafrost as 


"the thermal condition of earth materials such as soil and rock when their 


temperature remains below Ved 2 continuously for a number of years.'' Its 
presence has been verified for the first time at several locations in the 


Delta. In September, 1971, permafrost was encountered in test-hole G-3 at 


3.5 feet. This occurrence may be continuous with permafrost from 10 to 54 


feet discovered at Sweetgrass Landing (test-hole H-5) in the March, 1972 


drilling program. In test-hole H-5, frozen ground was at a temperature of 


-1%. Operators of the sawmill at Sweetgrass have reported the presence of 


permafrost for several miles along the banks of the Peace River. 


Test-hole H-2 encountered permafrost at 89 feet, where the temperature was 
-5°C. Hard drilling in H-1 at 170 feet may also have been permafrost, but 
this remains unverified. Dr. H. Dirschl, Canadian Wildlife Service (pers. 
comm.) encountered frost lenses in August, 1971, while drilling observation 


wells in Transect 4. These may also have been permanently frozen. 


Conditions favoring permafrost include a heavy vegetative cover to insulate 


the ground from solar radiation. This is the case in Transect 4 and was so 


at Sweetgrass Landing until about 1958, when logging operations began. A 


northerly aspect at Sweetgrass would also favor permafrost presence. 


Permafrost at depth in hole H-2 and suspected in H-1] is not in equilibrium 


with the present climate, but is a relic from Pleistocene time. Pre-glacial 
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alluvium at the base of test-hole H-5 was not frozen. However, the water 
contained therein was saline and could have been below 32°F. Its presence 
in sand and gravel at the several sites investigated suggest that it might 
be widespread in coarse materials elsewhere in the Delta. None was observed 


in the glacio-lacustrine silty clay zones however. 


Nature of Flow Sys tems 


The distribution of flow systems is determined partly by the topography of 
the water table, which creates the head, or driving force, to move ground- 
water. It is modified by the geology, which tends to concentrate flow lines 
along more permeable strata. Climate and geology jointly determine the vol- 


umes of water available to be involved in groundwater movement. 


In humid regions such as this, the water table is a close approximation of 


surface topography. Thus, except where modified by geology, groundwater 


moves normal to the contour from topographically high to low areas. 


Regional groundwater systems in this region recharge in the Caribou Mountains 
to the northwest and in the Birch Mountains southwest of the Delta. Ground- 
water moves radially down-gradient from these two highs, having a head of at 
least 2,000 feet. The discharge end of these systems is at Lake Claire and 

the lower Peace River. Despite the size and head of these two major regional 
systems, the quantity of groundwater involved is small. Practically the 
entire geologic section from the bed of the Peace River to the top of the two 
major highs consists of soft marine shale having an extremely low permeability. 
The bulk of regional groundwater discharge is into the preglacial Shaftsbury 


Valley (Tokarsky, 1966). That this valley is indeed a discharge feature in 
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the Delta area is confirmed by an observation well installed at H-]. The 
well was bottomed in preglacial sand at 159 feet. A pressure gauge installed 
at the top of the casing showed a head of 16 feet above ground level. The 


Embarras and Chipewyan Valleys may also be discharge features, but this has 


not been verified. 


Potentially widespread relic permafrost conditions and glacial removal of 
buried channel alluvium would somewhat restrict the effect of regional flow 
systems on the Delta. In any case, up to 200 to 300 feet of impermeable 
glacio-lacustrine silty clay covers such alluvium and thus regional flow 
systems are of limited consequence to local groundwater regime at the land 


surface. 


Maximum relief in the Delta itself is in the order of ten feet. Therefore, 
no intermediate flow systems exist, but a vast number of local systems are 


present. 


Twenty-seven water table wells were installed in seven profiles late in 

July, 1971 to study local groundwater regime of representative sites. Three 
profiles were chosen at and adjacent to Mamawi Lake to evaluate the amount of 
subsurface flow between large and small lakes when relative water levels are 
altered. Three more were installed across levees from modern channels to 
backswamp lakes to evaluate groundwater transfer when levels change in such 
channels. Transect 4 south of Mamawi Lake was installed by Canadian Wildlife 
Service for their studies. Water levels were read in all the wells and 


adjacent channels and lakes from early August, 1971 until freeze-up. 
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Another four wells (Profile G) were drilled in September, 1971 between Lake 
Claire and Peace River, to determine whether subsurface flow occurs between 


them. 


Figure 2 shows two groundwater profiles, representative of Profiles A, B 

and C, and of Profiles D, E, and F. Water table configuration at times of 
shallowest and deepest groundwater depth have been plotted. The water table 
in Profile A is lower everywhere than surface water, but only six feet below 
ground level at the lowest point. Were it not for consumptive use by vege- 
tation, this profile would be a groundwater ''mound'' rather than a depression. 
Its configuration is a result of water removal by willows exceeding infiltra- 


tion from rainfall. 


Six sets of water level readings were taken in Profiles A, B, and C. In 

all but one set of readings, the water table was lower everywhere than the 
surface water level at both ends of the profile. The one exception was in 
Profile C on August 4, 1971, when the water table formed a gradient from 

''P!! Lake down to ''S'' Lake, a drop of 1.7 feet. Therefore, no subsurface 
transfer of water takes place from one lake to another in this area, despite 


differences of several feet in head between lakes. 


Profiles D, E, and F were more variable. The early readings, in August, 
1971 indicated a groundwater mound under the highest part of each levee. In 
September and October, surface levels in the channels dropped, precipitation 
was low, and a water table gradient formed from the lake toward the channel 
in all three cases. Difference in head gradually increased to slightly over 


four feet. In Profile E, the water table actually rose slightly between well 
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E-2 and Frezie Lake, due to cessation of consumptive use at the end of the 


growing season. 


The August readings suggest that groundwater flow at that time was primarily 
a matter of vertical downward percolation. The depth to water was a function 
both of infiltration rate, and consumption use on the levees. However, by 
September, consumptive use, lack of rainfall and lack of downward percolation 
had changed the picture to that of a gradient from lakes behind levees toward 
the channels, indicating flow in this direction. The amount of this flow may 
be estimated, using Darcy's equation: 


Q = PIA, in which 


Q 


Flow, in gallons per day 


0 
iT] 


permeability, in gallons per day through one square foot 
cross-section, under unit hydraulic gradient 


gradient, in feet per foot 

A = cross-sectional area, in square feet. 
For each mile length of levee, assuming a 10 foot thickness of levee is in- 
volved in groundwater transfer, with an average head difference of 4 feet, 
and using an approximate Ks for sandy silt, flow through levees would be: 


(3) (4/300) (5280 x 10) 


Q 


2,112 gallons per day per mile length 

Artificially raising levels in the various channels would roughly double the 
head difference. Using Todd's higher value for permeability (3) and a head 
difference of 8 feet, artificial works would cause a water transfer of: 


(3) (8/300) (5280 x 20) 


Q 


8,880 gallons per day per mile length, 


6 gallons per minute per mile length. 
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This latter figure is probably the maximum to be expected and shows that 


subsurface transfer from one water body to another would be negligible. 


The configuration of the water table in Profile G and Dirschl's Transect 4 
closely follows the land surface and reflects only the inter-action of local 
infiltration and consumptive use. Permafrost at G-2 and a lack of gradient 
between Peace River and Lake Claire indicate that no groundwater transfer 


takes place between them. 


Groundwater Level - Vegetation Relationship 


Most plants favor very specific environments, which are a combination of cli- 
matic, hydrologic and chemical factors. In the Delta, climate and soil 
chemistry are relatively uniform over large areas. The main variable in de- 
termination of plant distribution is thus the local moisture budget, which in 
turn is related to micro-relief. Plant distribution as of September, 1970 

has been interpreted by Canadian Wildlife Service from photographs taken at 
that time. Figure 3 is a water table map, in which average depth to water 
table is inferred from the results of the present study and from the interpre- 
tation of vegetation distribution. It is based on water table depth varia- 
tions shown in Table 4. Figure 4 is a diagrammatic profile of water-table 


relationship to vegetation across a typical levee. 


J17 


Table 4 


Relationship of Vegetation Type to 


Depth of Water Table 


Plant Type Water Table Depth (ft.) 
Open Water 0 
Emergent vegetation in water 0 
Mudflat 0 
Meadow and immature meadow 
(including marsh species out of water) 0 - 3 
Low shrubs bes h 
Tall shrubs BRA 


Mixed Forest: 
-Deciduous forest 4-7 
-Coniferous forest >6 


Rock outcrop ~ 
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The limited 1971 investigations have shown two general groundwater conditions 
within the Delta. The first occurs in older, more compacted areas (Bayrock 
and Root's number 1 and 2) of the Delta. In these areas, micro-relief and 
permeability are lower than in the number 3 and 4 areas. Based on three pro- 
files adjacent to Mamawi Lake, the water table in such areas is a depression 
between water bodies, as typified by Profile A in Figure 2. This configura- 
tion held true through three months of observations in the three profiles 


during 1971. 


Some very small inflow of water from Mamawi Lake and ''S'' Lake takes place 
toward the lowest part of the profile, in addition to vertical downward per- 
colation of precipitation. Lowering of lake levels and drying up of back- 
swamps such as ''S'' Lake are causing the water table to drop. Landward perco- 
lation of groundwater is minor in comparison to percolation of surface water, 
because of a much smaller difference in head. Seasonal variations result from 
the relationship between infiltration rate and consumptive use, and will not 
change significantly with anticipated changes in surface water levels. How- 
ever, the water table in the shoreline area between A-| and Mamawi Lake 


fluctuates in response to surface water changes, the response diminishing in 


magnitude with increasing distance from the lake. 


Plant distribution in the higher part of this profile will probably remain 


about the same as at present. However, distribution in the lower areas along 


Mamawi Lake and backswamp areas will change significantly as lake levels con- 


tinue to decline. Many of the backswamp areas, formerly shallow lakebeds, 


have already dried up, and others such as ''S'' Lake are doing so. As they dry 


up, the water table drops below the lakebed surface, and zones of emergent 
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vegetation in open water are replaced by low willow and high willow. 


The other general groundwater condition occurs in modern areas of the Delta 
(Bayrock and Root's number 3 and 4 areas), where sediment compaction is less 
and permeability is therefore greater. In such areas, recharge in the levees 
is sufficient that a groundwater ''mound'' exists, at least seasonally. This 
is true in Profiles D, E, and F (Figure 2). Thus, groundwater flows from the 
levee laterally both to the channel on one side and to the backswamp on the 
other. The shorter flow path and coarser grain size of sediments toward the 


channel would divert the bulk of groundwater flow in this direction. 


Seasonal and long-term drop of water levels in the various channels causes 
some lowering of the groundwater ''mound!! immediately adjacent to the channels 
in a narrow band (as in well E-1, Figure 2). If water levels in such channels 
remain permanently low, resultant changes in vegetation will be long-term, in 
that spruce forest may replace poplar forest. Spruce forest, where already 
established, will remain the climax vegetation. The depth to groundwater 
behind levees will gradually drop below the land surface as backswamps and 
lakes disappear. Here again, using Figure 2 as an example, the zone between 
wells E-2 and E-3 will gradually be invaded by poplar forest, and emergent 
vegetation in Frezie Lake will in turn become meadow, then iow willow/shrub 


flats. 


Recharge Rate 


The rate of groundwater recharge within the Delta may be estimated and com- 
pared in 1971 with that of the long-term average. Estimates which follow are 


based upon measurements of water table wells for only 1.5 months in Profiles 


J20 


A, B and C; and 2.5 months in Profiles D, E, F and Transect 4. As only two 
sets of measurements were obtained from Profile G, they were not used in 


estimating annual recharge. 


During the 1971 calendar year, subsurface frost conditions were found to be 
present until late May to early June. The water in observation wells again 
froze in late October, when the final measurements were made. The period 
during which no ground frost was present and groundwater recharge could occur 


was therefore approximately 4.5 months. 


Groundwater recharge was considered to have occurred each time a water-table 
measurement was higher than the previous one in the same well. The total 
amount of recharge was totalled for each well over the period that measure- 
ments were taken, and the values thus obtained were averaged for each of the 
three main areas where water table wells were installed. An average specific 
yield of 0.1 was assumed for all profiles. Total recharge is shown in 


Table 5. 


J2l 


Table 5 


Groundwater Recharge Rates, 


Peace-Athabasca Deltas 1971 


Average 
Water Water 
Table Time Corrected Table Increment x 
Increment Period to 4.5 Increment Specific 
Profile (ft) (mo.) mo. (ft.) (in.) Yield (in.) 
Neo, Ge 0.36 135 1.08 1320 1.30 
DOVE jer PETZ 2.5 3.09 S70 i ren fl 
Transect 4 0.70 2.5 1.26 15.1 1.51 


All profiles 0.98 2.5 1.76 rab Die 
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Thus, average groundwater recharge for all profiles is roughly 13 percent 


of the annual precipitation of 16.71 inches (as recorded at Fort Chipewyan 


alirport) in, J97)% 


The interpretation of aerial photography of September, 1970, showed that land 
area of the Delta was 1,009,013 acres, exclusive of Precambrian outcrops. 
Assuming that these average groundwater recharge values hold for the entire 
Delta, total recharge for 1971 was: 


(1,009,014) (2.12/12) = 176,000 acre-feet. 


A comparison of the 1968 and September, 1970 aerial photography shows that 
124,320 acres of land were exposed during that time due to lowering of water 
levels in the Delta. Of this area, 53,843 acres were in mudflats, whose water 
table is virtually at the land surface. The remaining 70,477 acres is in 
immature meadow, having an assumed average water table depth of 1.5 feet. 

Thus the decrement of groundwater storage from 1968 to 1970 is about (1.5) (0.1) 
(70,477) = 10,570 acre-feet, or six percent of the 1971 recharge. The loss 

in 1971 would probably be somewhat greater as many lakes continued to dry up 


and the mudflats turned into willow with correspondingly lower water tables. 


Groundwater recharge, as calculated by the above technique admittedly has 
shortcomings. It ignores for example, the quantities of water lost to con- 
sumptive use, and although the specific yield value is considered reasonable, 
it has no basis in fact. The frequency of well measurement could have missed 
some increments to the water table also. Nevertheless, this exercise does 
yeild an order-of-magnitude value for recharge, and allows comparison of 


recharge rates in parts of the Delta of differing ages. Both Profiles A, B 
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and C, and Transect 4 are in Bayrock and Root's number 3 area. Profiles D, 


E and F, having the highest recharge are in the most modern (number 1) area. 


Groundwater Quali ty 


Little is known of groundwater chemistry on a regional basis in the Delta, as 
few analyses are available. However, the deep testing program of March, 1972 
yielded samples from three different depths in test-hole H-1 and two samples 


from test-hole H-5. 


Eleven analyses were used from the 1971 investigations from nine water table 
wells in Profiles A to F. Several of these wells were sampled twice. Tem- 
perature was measured at the time of sampling at most sites. All analyses 
were converted from milligrams per litre (mg/l.) to equivalents per million 
(epm), and percentages of various ions were computed. Analyses from test- 
holes H-1] and H-5 were done by the Department of Environment Laboratory, 
Edmonton, and Research Council of Alberta Laboratory, Edmonton. The analyses 


are tabulated in Tables 6 and 7. 
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Table 6 


Geochemistry of Deep Groundwater 


H-1, 140' H-1,159! Hea ley 0" per SOF Hobie cule 


LN ene ee 


Date of sampling Mar 12/72 Mar 13/72 Mar 12/72 Mar 15/72 Mar 15/72 
Temp. at sampling (°c) 25 7 ES 9.8 -- 
pH 727 6.7 7.1 a 6.6 
E.C. 2.72 3. 36 3.20 1.29 12.00 
Catt (mg/1) 504 700 730 296 1280 
Mg? 3] 90 30 20 180 
Fe (total) <.05 720 4.50 20) 505 
Na* 154.1 193 161 20 1587 
K* 14.0 10.1 16.0 5.0 17.0 
C03" -- -- -- -- -- 
HC03 280 311 201 659 119 
S04 1521 1781 1646 288 1603 
Cl 202 319 277 18 4129 
Tess 2709 3409 3066 1296 8915 
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In the southern plains, Vanden Berg and Lennox (1969, p. 27-28) found that 
sodium as a percentage of total cations increases with length of flow path 
toward the discharge end of the system. This is a result of ion exchange, in 


which calcium and magnesium are absorbed onto clay platelets, in exchange for 


sodium ions. The opposite situation appears to exist here, as sodium decreases 
from 19 percent to 15 percent of total cations with increasing depth. Bedrock 
formations of the area are highly calcic, being mainly limestone, dolomite, 
and gypsum. Thus, surficial clays above bedrock might well be saturated or 


nearly saturated with respect to calcium and magnesium, inhibiting further ion 


exchange. Deeper flow paths coming into closer contact with bedrock would thus 


pick up greater concentrations of calcium which cannot be exchanged for sodium. 


Calcium to magnesium ratio increases from 4.6 to 5.6 with increasing depth and 


longer flow path, as Vanden Berg and Lennox (1969, p. 29) suggest in the Hand 


Hills area. 


No clear-cut patterns of flow behaviour can be deciphered from examination of 
the anion ratios. High sulphates in all three samples (73 to 76 percent) are 
probably a result, however, of the proximity of gypsum subcrops. All three 


samples are of the calcium-sodium/chloride-sulphate facies. 


In test-hole H-5, the sample from 56 feet depth shows relatively low total 
dissolved solids (1296 ppm), with calcium as the dominant catio and bicarbonate 
as the dominant anion, suggesting a relatively local source for this water. 

In the 242 foot sample, sodium is 47 percent of total cations, and chloride 

is 77 percent of total anions. Considered with an extremely high total dis- 


solved solids (8915 ppm), a flow path involving Middle Devonian evaporite 
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rocks (McCrossan and Glaister, 1964, pp. 49-53) is suggested. 


Of the 11 analyses available for shallow wells, 10 are of the calcium-magnesi um 


cation facies. Eight are bicarbonate-chloride-sulphate, one is bicarbonate, 


and two chloride-sulphate-bicarbonate anion facies. 


These analyses reflect, in general, the shallow nature and short flow paths 
followed by the near-surface groundwater. Substantial differences in tem- 
perature and thus of solubility in adjacent samples help explain differences 


in their detailed geochemistry. 


Groundwater temperature was measured on August 11, 1971 and again on Sept- 

ember 20, 1971 at all sites, except one where the level had dropped too low 

for a second reading. Highest temperature observed was 10°e% and lowest was 
1°c. With two exceptions, groundwater temperature was higher in the September 
reading, despite much lower air temperatures. Lowest temperatures occurred 
where the water table was deepest. Groundwater temperature dropped to the 
freezing point and readings were discontinued in late October. Water tem- 
perature, therefore, appears to change as a delayed response to air temperature, 


and the amount of change is a function of the depth to water table. 


“SUMMARY AND CONCLUSIONS 
The nature of the shallow water table is a major determinant in distribution 
of plant types in the Delta. Lower levels of surface water and the absence 
of floods since 1968 are causing the water table to drop in certain areas, 
notably adjacent to present lake beds and in former lake beds behind the lev- 


ees. This phenomenon is causing low willow/shrub to invade and replace meadows, 
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and high willow to invade low willow/shrub in these areas. The highest parts 
of modern levees have a water table whose depth is determined by permeability 
of the soils and local recharge from precipitation, rather than by surface 

water fluctuations. Thus the dominant vegetation, ie, spruce and aspen, will 


remain unchanged in these areas, as such vegetation prefers a deep water table. 


Recharge rate and water table configuration are related to the relative geo- 

logical age and degree of compaction of the deposits in the several subdeltas. 
Older, more compacted subdeltas bate a lower recharge rate and the water table 
is lower in the land area between lakes than the level of the lakes themselves. 
This is a result of consumptive use exceeding groundwater recharge. In modern 
parts of the Delta, compaction of sediments is less, and relief, permeability, 
and recharge are greater. Thus the water table forms a mound in the levees, 


except during periods of low or no recharge. 


Although water transfer does take place from lakes to channels through levees 


during part of the year, the volume of water involved is negligible. No sub- 


surface water transfer occurs between Peace River and Lake Claire. 
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Transect 4 Shallow observation weils and profile 


Ato F Shallow observation welis and profiles 


H-1 to H-5 Deep test holes 


G2 to G5 Shallow observation wells 


Location of Groundwater Investigations 
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Water Table Depth 


1 Open Water 0' 
Zz. Emergent Vegetation in Water 0! 
3 Mud Flat 0' 
h Meadow (including marsh species OFee2t 
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8 Coniferous Forest Oa ' Ja 

9 Rock Outcrop s 
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Figure 3 


Average Water Table Depth 


See Vegetation Map - Volume 2, Ecology Appendices 
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HYDROMETRIC INVESTIGATIONS 
Description of Network 
The hydrometric network used during the study for the Peace-Athabasca 
Delta Project consisted of 12 recording water level gauges and 22 non- 
recording water level gauges. In addition to collecting water levels 
on rivers and lakes, discharge measurements were made at 15 locations 


throughout the area. 


This network was developed using the gauging network of the Water Sur- 
vey of Canada as a base along with the network used by the Water Re- 
sources Division (then Department of Agriculture), Department of the 
Environment, during 1970. Fig. 1 shows the location of gauges used 
during the study. Appendix K-1 includes the description and an inven- 
tory for each station. This report will deal primarily with those 
stations established and operated by personnel assigned to the Peace- 


Athabasca Delta Project. 


Water Level Recording Stations 


One of the findings of the Athabasca Delta Study Report was the approach 


necessary to predict flows through the outflow channels from Lake Atha- 
basca, Lake Mamawi and Lake Claire. This approach called for a measure 
of the elevation difference between the extreme ends of the river chan- 


nels. With this requirement in mind staff gauges and water level re- 
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corders were installed to monitor the elevation differences for the 
major river channels in the Delta, as well to provide water levels 


at points along each channel. 


Discharge Measuring Stations 


The procedures and equipment used to measure river discharges were 
those normally applied by the Water Survey of Canada. Except where 
wading was permissible all measurements were made from boats. Port- 
able tag lines were used on the Chenal des Quatre Fourches at Four 
Forks, the Grochier Channel at Four Forks, and the Revillion Coupe. 
Four the Riviere des Rochers a permanent tag line was installed on 


the east bank. 


Current meters and weights were suspended by type A or type B 
sounding reels attached to metering boards or boat cranes respec- 


tively. 


Winter discharge measurements were made from ice cover on the Riviere 


des Rochers at the winter road crossing indicated in Figure 1. 


Snow Surveys 


During the months of March and April an attempt was made to estimate 


the snow accummulation in the Birch River watershed. 


Seven snow courses were used in the area representative of the Birch 
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‘River watershed and the water equivalent ranged from 3.3 to 4.9 inches. 
The mean for seven stations is 4.4 inches. Table 1 summarizes the results 


for the Birch River area. 


Table 1 Snow Survey Summary 


Snow Depth Length Water 

Date 1972 Course of Snow of Core Content 
March 20 7 22.0 fU70 3.3 
March 22 2 24.0 13.0 43 
3 26.6 Sed 5.6 
I 2246 lidie3 44 
April 4 1 Sikh 
5 SA 2 13.8 4.9 
6 rap ys 14.5 4S 


Fig. 2 shows the Snow Course locations. 


SUMMARY OF RESULTS 
Water Levels 
Water level records for Pe CoA and non-recording gauges are sum- 
marized in Appendix K-1. For non-recording stations each daily value 
represents an instantaneous reading made on that day. For those non- 
recording stations at which discharge measurements were made, e.g. 


Riviere des Rochers at Ben Houle's Cabin O7NA002, the value represents 
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the mean water level of two readings taken at the start and end of a 
discharge measurement. The time period involved is one to two hours, 
depending on the station. For recording stations each daily value 


represents a weighted mean of the continuous record for that day. 


Discharges (F lows ) 


River flows have been summarized using two approaches: 

(1) those stations for which stage-discharge relationships were 
developed. Daily discharges are presented. This group con- 
sists of stations operated by Water Survey of Canada. 

(2) those stations for which no stage-discharge relationship may 
be developed. A summary of each individual discharge measurement 
is presented with special note being made as to flow direction 
for those stations subject to reversing flow. Flow data are shown 


in Appendix K-1. 


DISCUSSTON OF RESULTS 
Water Levels 
The general trend of water levels in the Peace-Athabasca Delta is for 
the low winter levels to recover for a brief period during spring break- 
up. The levels obtained during this period may be extreme for short 
periods, depending on the location and duration of ice jams along the 


Peace or Athabasca Rivers. With open water the water level generally 
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recedes to a level higher than the low levels experienced over the 


winter period. 


As the flow and elevations of the Peace and Athabasca Rivers grad- 
ually increase with snow melt from the uplands of their watersheds, 
the lakes within the Delta begin their rise to the annual peak. The 
rise is complemented by local inflow from smaller rivers in the east 
end of Lake Athabasca, Fond du Lac and McFarlane and from flow into 
Lake Claire from the Birch and Mclvor Rivers. The peaks obtained 
within the Delta depend primarily upon the respective discharges in 
the Athabasca and Peace Rivers and the times at which they enter the 
Delta area. A comparison of the hydrographs for Lake Athabasca, Lake 
Claire, Mamawi Lake and Quatre Fourches with the discharge Hydrographs 
for the Peace River at Peace Point and Athabasca River below McMurray 
(with appropriate allowances for lag time to the Delta area) will de- 


monstrate water level relationship with discharge in the above rivers. 


While water levels in Lake Athabasca and adjoining lakes are subject 

to the controls exerted by the flow in the Athabasca River and the 

Peace River the local effect of wind has been very clearly demonstrated 
during the 1971 data collection period. Sudden changes in Lake Athabasca 
levels at the west end of the lake have been observed with the perdominance 


of an east or west wind. Lake Athabasca has been observed to rise up to 
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two feet over a six hour period and fall up to one foot over the same 
period of time. The effects of the wind are experienced at Quatre 
Fourches and Mamawi Lake as is demonstrated when water level records 

for these stations are compared. Water level records for Lake Athabasca 
at Fort Chipewyan, Chenal des Quatre Fourches at Four Forks, Mamawi Lake 
at Poplar Island, Lake Claire near outlet to Prairie River are given in 


Appendix K-1. 


Discharge 


The most unique aspect of flows in the rivers within the Peace-Athabasca 
Delta is the reversal of flows. Flow in the Chenal des Quatre Fourches 
and the Riviers des Rochers is controlled by the relative elevations of 
the Peace River and Lake Athabasca, while flow in the Revillon Coupe is 
controlled between the relative elevations of the Riviere des Rochers 
(at its confluence with the Revillon Coupe) and the Peace River. The 
Mamawi Channel flow is controlled by the relative elevation of Quatre 


Fourches and Mamawi Lake and Lake Claire. 


While the effect of wind may indirectly affect. the flow (quantity) in 
the Chenal des Quatre Fourches and the Riviere des Rochers, the Mamawi 
Channel and Prairie River are very sensitive to the effects of wind, 

primarily because of the smaller volume of water carried. Mamawi Channel 
flow has been observed on more than one occasion to be moving in two 


directions. 
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Vertical Control 

We have shown where the flow pattern in the Delta is influenced by the 
sometimes delicate balance of water levels. As a result, vertical 
control has played an extremely important part in establishing and oper- 


ating this hydrometric network. 


During the 1970 study by Water Resources Division, the existing bench 
mark network of GSC was extended to accommodate the location of water 
level gauges (see Fig. 7 Athabasca Delta Project Report #1). A more 
detailed and extensive exercise of establishing bench marks was under- 
taken by the Peace-Athabasca Delta Project in the late winter and early 
spring of 1971 as a prelude to the data collection program of the 197] 
open water season. This network is shown in Figure 3. During the 
course of collecting field data, numerous checks were made to ensure as 


high a degree of control as possible. 


Other Surveys 


During the course of field investigations several other surveys were 
carried out to clarify certain hydrologic Bead ie vone: The channels of 
Baril River and Claire River were surveyed to provide a longitudinal 
profile of each channel and cross-sections of the channels at 5000 foot 
intervals. There surveys indicated that the Baril River was still an 


active channel and permitted a theoretical calculation of its discharge 
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capacity. The Claire River was found to be effectively closed at the 
Peace River end of the channel and in its present state it carries water 
toward Lake Claire only if the Peace River overtops its banks at Sweet- 


grass Landing. 


To the south east of Lake Claire a similar survey was carried out on a 
stream known locally as Gull River. This river appeared to be a potential 
channel for movement of water from the Embarras River into Lake Claire. 

The survey showed that there was no direct connection of Gull River with 
the Embarras River and therefore no flow in its present condition. The 
Gull River does however extend right to Lake Claire. The survey revealed 
that Gull River was very deep in some sections and could possibly have been 


a major distributory of the Athabasca River delta at some time in the past. 


In conjunction with the construction of the Quatre Fourches Impoundment , 
a survey. was made to determine if there were other outlets to Mamawi Lake 
which would perhaps enlarge and decrease the effectiveness of the impound- 
ment. This survey concentrated on the small channels which connect the 
east side of Mamawi Lake to Grochier Channel which joins Chenal des Quatre 
Fourches. The survey indicated that these small channels would not carry 


water until the level of Mamawi Lake exceeded elevation 688.5. 


These surveys and other surveys related to ecological investigations are 


shown on Figure 4. 
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HYDROMETRIC STATIONS 


LAKE ATHABASCA 


Lake Athabasca at Ft. Chipewyan 
Lake Athabasca near Crackingstone Point 


ATHABASCA RIVER 


Athabasca River at Embarras Airport 

Embarras River below divergence 

Fletcher Channel below divergence 

Goose Island Channel below divergence 

Big Point Channel below divergence 

Athabasca River above Jackfish Creek 

Jackfish Creek above confluence Athabasca 
River 


BARIL LAKE 


Baril Lake at centre of lake 


BIRCH RIVER 


CHENAL 


Birch River below Alice Creek 
DES QUATRE FOURCHES 


Chenal Des Quatre Fourches at Quatre 
Fourches 

Chenal Des Quatre Fourches above 
Peace confluence 

Chenal Des Quatre Fourches below 
Four Forks 

Chenal Des Quatre Fourches at 
Ranger Cabin 

Chenal Des Quatre Fourches at 
High Rock Tower 

Mamawi Lake Channel at Dog cane 

Lake Athabasca Channel east of Four Forks 

Grochier Channel above Four Forks 


O07MDO01 
07MCO003 


07DD001 
07DD003 
07DD004 
07DD005 
07DD006 
07DD007 


07DD009 


07KFO05 


07KEQ01 


07KFOO1 
07KFOO4 
07KF006 
07KFO07 
07KF008 
O7KFO10 


O7KFO11 
O7KFO12 


LAKE CLAIRE 


Lake Claire near outlet to 
Prairie River 


MAMAW! LAKE 
Mamawi Lake at Poplar Island 
PEACE RIVER 
Peace River at Peace Point 
Peace River at Sweetgrass Landing 
Peace River at Carlson Landing 


PRAIRIE RIVER 


Prairie River at Fish Study Camp 
Prairie River near outlet Lake Claire 


REVILLON COUPE 
Revillon Coupe below confluence 
Riviere des Rochers 
Revillon Coupe at Ranger Cabin 
Revillon Coupe above Peace confluence 
RICHARDSON LAKE 
Richardson Lake at the outlet 


RIVIERE DES ROCHERS 


Riviere des Rochers above Peace- 
Slave confluence 


Riviere des Rochers at Ben Houle's Cabin 


Riviere des Rochers above confluence 
Revillon Coupe 


Riviere des Rochers east of Little Rapids 
Riviere des Rochers west of Little Rapids 


07KFO02 


07KF003 


07KC001 
07KCO004 
07KC003 


07KFO13 
O7KFO14 


O07NAOO4 
07NAO005 
07NA006 


07DD008 


07NA001 
O7NA0G2 


07NA003 
07NA007 
07NA008 
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Figure 2. 1972 Snow Course Locations 
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FIG. 3 


PEACE: ATHABASCA DELTA PROJECT 
TEE THICKRESS AND OCFTH OF WATER STUDY FOR WINTER CCOLORY 
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PLAN SHOWING LOCATION 
OF 
TRANSECT, RIVER PROFILE, RIVER CROSS SECTION 
AND 
FULL SUPPLY LEVEL SURVEYS 


ON THE 


“PEACE-ATHARBASCA DELTA™ FIG. 4 


LEGEND 
TRANSECTS (Drawing Nos 6T261-M-| -2,-3,-4 ond-5) 


RIVER PROFILES WITH APPROX LOCATION and CHAINAGE OF RANDOM 

CROSS SECTIONS, ( Survey information suppued in Pian ond Guckle! form ) 
Survey of Oul owing Creeks from Mamzwi Lake 10 the Chana! 
Ges Qualve Fourches thown on Drawing Nos, 6751-M-1 and'2 
Information on Claire , Bon!  Swestgraas and Gull Rivers dered 
fram survays performed by Midwest Surveys Co Lid 


FULL SUPPLY LEVEL SURVEY WITH ELEVATION OF CONTOUR, 
(Survey information platied en serial photographs of Mamawi Lake) 


PEACE-ATHABASCA DELTA PROJECT 


us acreica soars #6 147 4x3 wre [Canadian Engineering Surveys Co Ltd 
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HYDROMETRIC STATIONS . 


LAKE ATHABASCA 


Lake Athabasca at Ft. Chipewyan 
Lake Athabasca near Crackingstone Point 


ATHABASCA RIVER 


Athabasca River at Embarras Airport 

Embarras River below divergence 

Fletcher Channel below divergence 

Goose Island Channel below divergence 

Big Point Channel below divergence 

Athabasca River above Jackfish Creek 

Jackfish Creek above confluence Athabasca 
River 


BARIL LAKE 


Baril Lake at centre of lake 


BIRCH RIVER 


Birch River below Alice Creek 


CHENAL DES QUATRE FOURCHES 


Chenal Des Quatre Fourches at Quatre 
Fourches 

Chenal Des Quatre Fourches above 
Peace confluence 

Chenal Des Quatre Fourches bslow 
Four Forks 

Chenal Des Quatre Fourches at 
Ranger Cabin 

Chenal Des Quatre Fourches at 
High Rock Tower 

Mamawi Lake Channel at Dog cone 

Lake Athabasca Channel east of Four Forks 

Grochier Channel above Four Forks 


07MDO001 
07MC003 


07DD001 
07DD003 
07DD004 
07DD005 
07DD006 
07DD007 


07DD009 


07KFO005 


07KEQ01 


O7KFOO1 
O7KFOO4 
O07KF006 
07KFO007 
07KF008 
07KFO10 


O7KFO11 
O7KFO12 


LAKE CLAIRE 


Lake Claire near outlet to 
Prairie River 


MAMAWI LAKE 
Mamawi Lake at Poplar Island 
PEACE RIVER 
Peace River at Peace Point 
Peace River at Sweetgrass Landing 
Peace River at Carlson Landing 


PRAIRIE RIVER 


Prairie River at Fish Study Camp 
Prairie River near outlet Lake Claire 


REVILLON COUPE 
Revillon Coupe below confluence 
Riviere des Rochers . 
Revillon Coupe at Ranger Cabin 
Revillon Coupe above Peace confluence 
RICHARDSON LAKE 
Richardson Lake at the outlet 


RIVIERE DES ROCHERS 


Riviere des Rochers above Peace- 
Slave confluence 


Riviere des Rochers at Ben Houle's Cabin 


Riviere des Rochers above confluence 
Revillon Coupe 


Riviere des Rochers east of Little Rapids 
Riviere des Rochers west of Little Rapids 


O07KFO002 


07KF003 


07KCO001 
07KC004 
07KC003 


O7KFO13 
O7KFO14 


O7NA004 
07NA005 
07NA006 


07DD008 


07NAOO1 
07NAO002 


07NA003 
07NA007 
07NA008 
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DESCRIPTION OF HYDROMETRIC STATION hocatTseN PrANn 
Station Name Lake Athabasca at Fort Chipewyan - Station O7MDOCI | 

Latitude 58° 42' 4o''N. Longitude 111° 08' so" w. . Sec 8 Twp 112 Rge7 wh 
Established 

Re-established 

Re-established 

Observer 


Period of Observation 


Location of Station On Island Rock Point about one mile east of Chipewyan, 


Description of Equipment Recording gauge activated by a bubbler since 1968. 


Remarks Refer to W.S.C. Report ''Lake Athabasca Water Levels (1930 - 1970)" for 
complete data review. 


BEewcH MAKIKS STATION ERaulrPrptenr 


[o>) 
€Q ei meme Se ) 
Y G, 
o>? A Ge (a as 
Te cs ae " FAitha baseq 
Potato 
ts lane 
LAKE ATHABASCA AT FORT CHIPEWYAN - STATION NO. 07MDO001 
DAILY WATER LEVEL IN PEET POR 1970 

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP oct NOV DEC DAY 
1 === ——= 675.39 675.94 683.18 683.95 684.63 684.33 683.87 682.22 - 681.42 681.09 1 
2 = a 675.43 675.79 682.86 684.01 684.38 684.48 684.92 682.42 681.46 681.08 2 
3 Sis ae 675.42 675.86 682.80 684.22 684.23 684.51 684.37 682.79 681.47 681.07 3 
4 =—= =e 675-248 676.18 683.13 683.90 684.23 684.59 683.61 682.66 681.38 680.93 q 
5 678.97 676.20 6:7 5)43)1 676.12 683.15 683.40 683.98 684.72 682.98 681.98 681.65 680.89 5 
6 678.92 676.25 675.56 676.24 683.38 684.01 684.09 684.48 682.90 681.92 681.36 680.97 6 
7 678.95 676.04 675.84 676.24 682.81 634.68 684.05 684.77 682.13 682.20 681.15 680.79 7 
8 678.95 676.11 675.84 676.57 682.15 684.55 683.60 684.22 682.04 682.27 681.03 680.77 8 
9 678.91 675)59'5 675.85 676.77 682.55 684.29 684.40 683.29 682.85 681.99 681.05 680.72 9 
10 678.52 676.01 675.82 676.88 682.74 684,20 684.75 682.81 G83 2uF 682.04 680.92 680.81 10 
11 678.07 676i. ho Gi sieeal 677.00 683.03 684.13 684.73 683.25 G8'3i53'3 682.25 681.06 680.83 VW 
12 aS 676.10 675.66 677.07 683.49 683.83 684.21 684.16 682.97 682.19 681.10 680.81 12 
13 eS 676.01 675.73 60esia ls 683.64 684.24 684.55 684.50 682.93 681.97 680.91 680.82 13 
14 == 67.0 nee 675.69 677.49 683.75 684.33 684.62 684.32 682.64 681.92 680.91 680.77 14 
15 esol 675.84 67:55:38 677.80 683.72 684.28 684.67 684.23 683.12 682.07 680.96 680.67 15 
16 siaenee 675.59 675°. 55 678.09 683.90 684.17 683.89 683.83 683.16 681.39 681.10 680.50 16 
17 a G27'S\.2ie 675.44 678.43 684.80 684.40 685.16 683.54 683.27 681.91 680.88 680.46 17 
18 ane 6751273 675.49 678.91 682.93 683.99 685.05 683.66 683.24 682.63 680.98 680.39 18 
19 ae 675.82 675.58 679.49 683.15 684.00 684.62 684.04 682.88 682505 681.06 680.44 19 
20 --- 675.84 675.48 679.99 683.23 684.17 684.62 683.83 682.86 682.32 681.17 680.43 20 
21 — 675.69 675.95 680.55 683.67 684.45 684.70 683.78 682.86 682.20 681.25 <a 21 
22 ar 675.90 675.53 68127 684.20 684.70 684.16 683.70 683.00 681.81 681.25 = 22 
23 ene G2 Sh 675.68 681.83 684.51 684.87 684.34 683.93 683.37 681.93 681.31 Se 23 
24 Sata 676.03 675.61 682.30 684.18 684.29 685.13 683.68 682.70 681.48 681.31 ae 24 
25 os 675.73 675.68 682.70 684.27 683.72 684.92 684.16 682.16 681.92 681.24 mt 25 
26 ——— 675.43 675.66 682.89 684.18 684.08 684.63 684.24 682.22 681.62 681.23 a 26 
at =e 675.21 675.85 683.07 683.92 684.45 684.58 683.67 682.22 681..27 681.08 SES 27 
28 asian 675 527 675.82 683.52 683.98 685.32 684.67 683.82 682.37 681.55 681.06 ane 28 
29 --- 7 S.7:2 683.65 683.95 685.68 684.69 683.77 682.33 681.86 680.98 =—— 29 
30 --- 675.65 683.69 683.80 684.76 684.45 683.49 681.83 681.82 681.06 —<s 30 
31 ——— 675.84 683.98 683.53 683.41 681.47 <a, 31 


SUMMARY FOR THE YEAR 1970 
MAXIMUM DAILY WATER LEVEL, 685.68 FT ON JUN 29 TYPE OF GAUGE - RECORDING 
LOCATION - LAT 58 42 4O N 
LONG 111 08 50 W 
REVISED DATA TO 1970 


AVAILABLE FROM DISTRIC 
WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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LAKE ATHABASCA AT FORT CHIPEWYAN - STATION NO. 07MDO001 
DAILY WATER LEVEL IN FEET FOR 1971 


DAY JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC DAY 
1 =-—= SS pons 676.99 684.58 684.13 685.00 686.74 685.70 683.45 682.63 er 1 
2 a == SSS 677.14 684.48A 684.22 685.16 686.63 686.41 683.50 682.45 oe 2 
3 --- <= et 676.82 684.03A 684.34 685.38 686.50 685.49 683.47 682.38 Sa ) 
4 679.67A eed ie 676.92 683.93A 684.19 685.423 686.47 684.92 683.39 682.52 SES: 4 
5 679.67 === == 676.79 6€83.8B8A 684.76 685.48 686.80 685.12 683.41 682.39 ee 3 3 
6 679.63 ate a 677.00 683.92A 684.42 685.56 686.39 684.64 683.36 682.39 = 6 
7 679.44 == Sas 676.87 683.96A 684.20 685.58 686.56 684.49 682.61 682.49 682.11A a4 
8 679.30 SS ae 676.61 681.16A 684.47 685.39 686.15 684.42 683.33 687? 40 --- 8 
+] 679.10 ot —— 676.92 684.23A 684.33 685.48 686.23 684.54 682.87 68. .50 a 9 

10 678.82 ln mae 676.83 684.25A 684.11 685.68 686.28 684.72 683.13 682.57 --- 10 

V1 678.61 = === 676.75 684.17A 684.16 685.55 686.21 684.49A 683.47 682.40 =-- V1 

12 678.64 me Hho 676.73 684.66A 684.85 685.35 686.24 683.80A 682.63 682.51 a 12 

13 678.56 ——— aS 676.72 685.05A 684.08 685.40 685.52 683.44A 6:8 sau S 682.50 682.10A 13 

14 -== aed SSS 676.72 684.89A 684.64 685.58 686.25 684.07 683.55 682.48 --- 14 

15 aa 675.41A Somme 676.66 684.73A 684.94 686.23 686.61 684.76 683.29 682.35 681.80A 1S 

16 a 675.27A 676.39A 676.64 684.02A 684.74 686.10 686.24 684.46 682.89 682.55 681.94 16 

17 <= os 676.31 676.77 683.49A 684.42 686.02 685.99 684.53 682.88 682.46 681.79 17 

18 —— 675.61A 676.22 677.08 684.43A 684.64 686.20 685.98 684.07 682.78 682.57 681.77 18 

19 === 675.63A 676.31 677.26 684.41 684.54 686.25 686.07 684.11 682.87 682.58 681.76 19 

20 see. es 676.29 677.58 684.45 684.39 686.48 686.17 684.34 682.78 682.54 681.63 20 

21 tesla SKS 676.34 678.15 684.58 684.53 686.67 686.02 683.96 682.65 682.59 681.61 21 

22 ar TASS 676.35 678.72 684.42 684.85 686.86 685.63 684.31 682.70 682.59 681.58 22 

23 --- -<-= 676.50 679.34 684.30 685.32 687.23 685.35 684.58 682.67 682.59 681.58 23 

24 races <= 676.51 680.23 684.67 685.30 686.70 685.39 685.15 682.69 682.60 681.55 24 

25 ceived ears 676.50 680.83 684.37 685.42 686.64 685.41 685.45 681.55 682.56 681.42 25 

26 <a <i 676.68 681.50 684,33 687.14 686.92 685.24 684.30 682.45 682.57 681.37 26 

Pi a Sie 676.80 682.63 684.40 685.48 686.81 685.47 683.73 682.70 682.59 681.42 ay 

28 --- ie aah 676.64 684.04 684.28 684.74 686.81 685.47 682.98 682.52 682.60 681.38 28 

29 --- 676.85 684.82 684.61 685.02 686.55 685.32 683.36 682.01 682.60A 681.46 29 

30 ——— 676.88 684.82 684.57 684.99 686.57 685.29 683.39 682.42 Si 681.39 30 

31 a 676.80 684.20 686.70 685.39 682.48 681.34 31 

SUMMARY FOR THE YEAR 1971 A-MANUAL GAUGE 

MAXIMUM DAILY WATER LEVEL, 687.23 FT ON JUL 23 TYPE OF GAUGE - RECORDING 


LOCATION - LAT 58 42 40 N 
LONG 111 08 50 W 
REVISED DATA TO 1970 
7 AVAILABLE FROM DISTRICT 
WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 


Lake Athabasca at Fort Chipewyan Station No. 07MD001 
ji Daily Elevations in Feet for the Year 1972 


Da Januar Februar ue A pri l > MMe June Jul August September October November December 
681.35 678.94 676.8 E5677 G82 77 557 “6 685.57 600.30 608.36 O86. & 


1 
2 68).34 678. = 67665 676.39 682. Sai boCeIO GUD fo MeCCONsO aL CU tC ee 
3 


601.33. 0/8. 534 676.58 676.56 604.04 606.49 665.34 688.18 685. = ; ieee oo 
G 681.37 . 670.20 ...6/6.59 cTe8 768, 78 606.07. 6686. ar 688. 1 686.71 
5 EL EF ENTLY OH BLL 686.57 663.52 683.35 ae ee es Beer Ss 
6 681. 677. gh jh 676.69 67.0% 677.06 i gl 686.36 600.50 600.24 7 4 a ae, Cees ae 
Jae bea . 677.95. 676.56 677.22 684.85 686. 73 600.54 600.25 64 a F 
661 = 677.80 ae 7.36 677.34 684. 73 647.13 658.53 688.26 Meee ST a ee Twhiteeeeawra 
681.16 677.34 ae 23. 677.24 684.76 656. - CUS eT. ee Oa: a a re. som 
680 <5 tah] Sab §GL0. 30 Oza. 40 686.5 689.60 667.97 6 
650.92 677 a 676. = “3 53 5B6. 2 686.65 668.18 AS 
rE 680.89  6//. z 676.61 7.40 656.69 6688. =F 685.27 ei 
680. 53 bya « 676.76 oo : 657.03 608.60 687.98 722 
677. ° 076. / 2 ve 687.07. 6 687. a 
678.17. 676 68 8h 67/7. 656,00 680.41 687.79 
i ai - 676.61 6/6. = 656. B2 688.60 68. 0 ope pe 
677. tse 6.94 687.71 608.75 607.93 -08 at. ee 
Li 6/7 .2) - 6/6. a ea 8 ee ee 9 eit Oat ce ao ad 
Roemer oy). 225° 676.09 677059 ~ 607.14 660.67 68 81 
20. £1: Gi). 23 =* 6/6, 5 Se O17. 43 687.33 688.65 64 aL) 
21 677. D2 web 10, LTR: 677.71 687.48 668.90 .54 .23 
22 Gal oy 676.55 676.24 607.74 660.89 ya oe mews 64 
23 bi]. 676.29,, 678.31 ee kbs Oe Ca 
24 Ban ts 6/6, VUB6Pe. 95 Gam. eno eee Wh G04. 75" git ui cl te 
“09 07.676. NG, 679.21 058-06 688.95 ks web TA os ke a Ee 
eS Smee 677.02 _0/6.16 6/9.48 086.39 687.95 688.53 «686.89 z = 
27___ 679.54 676.04  6/6.15 680.53 686.20 687.89 CBB Nh BB 
28 679.59 676.77 676.15 681.58 686.56 ~ 2637.90 100000.19 687.28 


679.44 676.80 6/6.16 662.19 686.63 68/079 687.00 686.42 
79.1 oe = 682.49 686.52 667.85 600.4 687.17 
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TION OF HYDROMETRIC STATION 
DESCRIP hoc arsed Plan 


Station Name Lake Athabasca near Crackingstme Polnt - Station No. 07MC003 


Latitude 59° 23" N. Longitude 108° 53' Ww. - Sec Twp Rge 


Established 1956 } 
Re-established 


Re-established = ue 

Observer A ya 

Period of Observation At Gold Fields from 1336 to 1942 and from 1952 to 1954; at ee RALLY a 
Crackingstone Point f-om 1956 to present a eet Seay P y J 

Location of Station Sixteen miles southwest of Uranium City, Saskatchewan, at ~hS ™ PS (ip tn 
Gunnar Mines (now closed), about 500 feet southeast of a od 
Community Centre. ne wa 

a Dans 
Description of Equipment Recorder activated by a pressure gauge. nek e 1 
Br 


Remarks Refer to W.S.C. Report ''Lake Athabasca Water Levels (1930 - 1970)" for 
complete data review. 


BEX CH MARKS STATION ERQU)P PIENT 


es Gunnar Maes 


eee ke a ee ; 
eC ee S, ae 
Fog SAGES ote g 
eee 
Tere ant 
5 Ax 
os ch LAKE Avuaee 


Sperts Fiels 
va = << 
| ra | 
LAKE ATHABASCA NEAR CRACKINGSTONE POINT - STATION NO. 07MC003 
DAILY WATER LEVEL IN FEET FOR 1970 

DAY JAN PEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC DAY 
1 --- --- --- --- --- --- 684.18 684.55 683.72 682.79 --- 681.72 1 
2 --- --- --- --- --- --- 684.21 684.51 683.54 682.72 --- 681.71 2 
3 --- --- --- --- --- --- 684.26 684.50 683.49 682.65 --- 681.72 3 
r --- --- --- --- --- 684.07 684.32 684.47 683.57 682.65 681.96 681.75 4 
s --- 681.66 --- --- --- 684.10 684.42 684.40 683.65 682.63 681.86 681.74 5 
6 --- --- --- --- --- 684.06 684.48 684.43 683.63 682.67 681.91 681.72 6 
7 --- --- --- --- --- 684.02 684.54 684.37 683.65 682.64 681.91 681.76 7 
8 --- --- --- --- --- 683.97 684.63 684.47 683.59 682.60 681.92 681.76 8 
9 --- --- --- --- --- 684.03 684.61 684.52 683.51 682.61 681.87 681.75 9 
10 --- --- --- --- --- 684.02 684.72 684.53 683.39 682.55 681.88 681.75 10 
11 --- --- --- --- --- 684.06 684.68 684.49 683.31 682.50 681.83 681.75 1 
12 --- --- --- --- —— 684.15 684.79 684.39 683.35 682.44 681.82 681.75 12 
13 --- --- --- --- --- 684.13 684.81 684.32 683.35 682.44 681.85 681.74 13 
14 --- --- --- --- = 684.20 684.82 684.28 683.36 682.42 681.85 681.75 14 
15 --- --- --- --- --- 684.25 634.84 684.26 683.25 682.38 681.83 681.75 15 
16 --- --- --- --- =—~ 684.22 684.75 684.28 683.21 682.41 681.78 681.78 16 
17 --- --- --- --- --- 684.20 684.82 684.30 683.13 --- 681.82 681.77 17 
18 --- --- 684.28 684.82 684.18 683.09 --- 681.77 681.78 18 
19 --- --- 684.28 684.87 684.11 683.11 --- 681.76 681.77 19 
20 --- --- --- --- ee 684.29 684.90 684.08 683.09 a= 681.73 681.75 20 
21 --- --- --- --- --- 684.24 684.87 684.09 683.06 --- 681.73 681.73 21 
22 --- --- === --- =<= 684.21 684.90 684.05 683.01 --- 681.77 681.75 22 
23 === --- sir =<- <= 684.16 684.85 683.98 682.94 --- 681.77 681.76 23 
24 --- --- === --- --- 684.18 684.77 683.99 682.88 --- 681.73 681.77 24 
25 --- --- 682.18 --- --- 684.28 684.77 683.91 682.94 --- 681.72 681.80 25 
26 --- --- es =-— --- 684.30 684.74 683.86 682.86 --- 681.73 681.77 26 
27 --- --- <= -~-< -—= 684.29 684.72 683.94 682.83 --- 681.81 681.74 27 
28 === ——— aS aon ——- 684.21 684.69 683.92 682.83 --- 681.76 681.77 28 
29 =<- aS --- --- 684.11 684.67 683.86 682.80 --- 681.83 681.75 29 
30 <== ae << ——= 684.16 684.68 683.84 682.85 --- 681.77 681.76 30 
31 --- ao --- 684.74 683.84 --- 681.77 31 


TYPE OF GAUGE - RECORDING 
LOCATION - LAT 59 22 55 N 
LONG 108 52 50 W 


WATER LEVELS ARE REPERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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LAKE ATHABASCA NEAR CRACKINGSTONE POINT - STATION NO. 07MCO03 
DATLY WATER LEVEL IN FEET FOR 1971 


WAY JAN FE MAR AVR MAY JUN JUL AUG SEP OCT NOV DEC DAY 
1 = 681,96 GEAnais 6:8'4. Sid OBI? 683.77 684.90 686.5 685.20 bh43.8) 682.68 £42.39 1 
a Seat 681.95 682.2) OB2L54 683.81 684.94 686.52 6495.02 O83.74 682.67 Oi, 32: 2 
j -- 681.98 = 6862.58 6.8)3:. 7:0 684.98 686.53 685.05 Cot: Us BER ARs | G82), 70 682.40 3 
4 =e 682.00 “US 682.57 6:8) 3). 57 683.71 685.07 686.51 B85. Wi 683.68 682.63 682.40 4 
5 ae 682.03 oS 682.60 683.67 685.13 686.39 685.05 683.65 682.64 682.38 5 
6 681 682.02 682.58 683.76 683.67 685.18 686.45 685.06 683.65 682.63 682.34 6 
7 681.81 682.00 682.60 683.56 685.16 686.38 6/8'5).0'1 6:8) 3 6:7) B82 25/9 e845 i 
8 681.82 682.03 682.63 = 683.55 685.26 686.39 684.97 683.58 682.60 682.. 32 8 
9 681.83 682.05 682.57 = 683.98 685.31 686.34 684.90 683.60 Bian 5, 682.32 9 

10 681.84 682.00 662.58 683.89 684.05 685.33 686.29 684.82 G83. 53 682.50 682.35 10 

1 681.83 681.99 == els 684.05 685.38 686.25 684.79 683.41 682.58 €82.35 "WI 

12 681.81 681.99 te SIS 683.79 684.04 685.47 686.14 684.82 683.48 682.52 OS. sia 12 

ie 681.83 682.05 = == aioe 684.06 685.47 686.26 684.83 6/803) esi 682.51 682.29 13 

V4 681.85 682.07 = el She 684.00 685.51 686.09 684.66 683.27 682.52 682.29 14 

15 681.81 682.08 = 683.90 (eel G BIE) 685.50 685.95 684.55 683.27 (Site a LS) 5) 682.33 5 

16 681.79 6825 11 682.40 a = 684.03 85.58 685.95 684.55 683.30 682.48 68:2). 27 16 

17 681.84 682.10 682.41 = 683.95 684.12 685.76 685.92 684.66 683.27 682.49 682.29 17 

18 681.83 682.10 682.43 SE Se 684.15 685.92 685.89 684.51 683.27 682.42 682.29 18 

19 681.84 682.13 682.43 oe Sas 684.19 686.10 685.84 684.39 683) ..22 682.38 682.26 us) 

20 681.89 682.15 682.43 oo 683.97 684.26 686.22 G8557)3 684.31 683.18 682.39 682,29 20 

2) 681.91 682 7 682.44 eters Se 684.31 686.30 685.68 684.35 683.18 682.38 baz 25 21 

22 681.93 G82). TW. 682.45 ee 683.98 684.36 686.35 685.72 684.25 OSs 72 682.39 682.23 22 

23 681.92 682.20 682.46 i = 684.40 686.39 685.78 684.15 6:83). 110 682.38 68i2..21 2a 

24 681.90 682.20 682.47 SS 684.00 684.48 686.52 685.70 683.96 683.05 682.35 6382.19 24 

25 681.92 682.23 682.47 os =isi= 684.54 686.60 685.65 683.80 683.09 682.39 682.19 25 

26 681.91 682.22 682.46 ei Se 684.32 686.59 685.64 683.91 32.93 682/539 682.18 26 

27 681.92 682.23 682.50 aS a 684.59 686.60 618:5...5:5 683.94 682.84 682.36 682.17 27 

28 681.92 682 682.52 se i 684.79 686.58 685.50 684.00 682.87 682.35 == 28 

29 681.93 682.50 - SSS 684.83 686.63 685.46 683.90 682.93 682.39 = 29 

30 681.97 682.52 es a= 684.85 686.58 685.40 683.87 682.85 682.40 Se 30 

34 681.98 682.54 SS 686.56 685.33 682.78 - 31 

SUMMARY FOR THE YEAR 1971 

MAXIMUM DAILY WATER LEVEL, 686.563 FT (ON JUL 29 TYPE OF GAUGE - RECORDING 
MINIMUM DAILY WATER LEVEL, 681.78 FT ON JAN 6 LOCATION - LAT 59 2:2 95 50N 
LONG 108 52 50 W 
WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
Lake Athabasca near Crackingstone Point Station No. 07MC003 


Daily Elevations or Gauge Heights in Feet for the Year 1972 


Da January Februar March Apri | Ma June Jul August September October November December 
1 682.79 686. - 688. E 688. “ 686.92 685.35 684. a 
2 683.08 686.3 688.2 683.0 686.74 685. 38 684.2 
3 686. 32 688. = 685. aE 686.78 685.39 684.2 
: 683.10 606.39 688.23£ 680.01E 606.67 68 
685. a 686.29 688.24 687.598 666.61 685. 6Bh. E 
683. 686.42 683.756 687.95— 6086.61 ae ‘2 684.11 
683 rai 683.26E 68/.92E 686.53 685.11 684.13 
B33 686.30 eaTE 687.85—E 686.45 685.04 684.14 
682.00 684. a 686.49 683.2 7.06E 686. = 604.88 684. iE 
604.2 686. 1B 688. 687.83— 686.3 684.94 684.0 
7 664, = 636.50 638.308 607.80E 666.37 ¢ a 684.98 604. = 
6H 6) j «686.49 608.31E 687.7/£ 686.27 684.94 68 07 
(tee . ; 685. 686. WZ 600.32E 607.74 687.19 684.66 684.05 
if 868.56 638. 33E a 71E 6686.10 684.79 684.05 
eae a NE Te eB eT aimee ee 
16a So EamOo Lat ea 98 6685.65 - 654.05-—..__ 
BS. AGEN ee BON, 36E bl 607. ae Go ola aeen Gio y GON Oso 


L ee: ii 863.79 6E8.37E 687. 684.69 68h. 06 
2 See) 05556 8607.07 688. 336 LES 654.62 634.09 
ee ee 655363 9657.28 GRbOe.39G Gsy.60 ap ee: g1.12 604.60. 684.000... 7 ae 


685.75 687.34 650. 41E 687.5 3 pier hg 604.54 684.10 
Cae ae 6 oa 29 p60G43655687.55 2. 605.57 60h. 51 = .604, 12ea wai 
~ 685.90 687.50 688. 45E 687.47 685.56 664) Sime 654. iSae ee Go 
‘f 685.92 687.58 _— 687.40 684-49 604. 7 
25 686.01 687.78 688.3 aay 37E 6065.42 684.32 684.1 
im 686.02 687.84 aren 6387.35 685.42 5 a 
686.06 Coe 02 688.43 687.17 hea 30 684.40 684.16 
ih 686.13 6838.16 688.28 607.35 685.27 684.397 — 604. TS") a ee 
29.5%). 0 eee 682.72 ebbe10 tOOGRIOE 608.22 an.G07.16E. 685.25 40 
6.1 86.96 5.16 684.43 


0 682.77 


31 5 0 -29 
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DESCRIPTION OF HYDROMETRIC STATION 
hoe aT so PLAN 


Station Name Athabasca River at Enbarras Alrport - Station 070001 
Latitude 58° 12' 15". Longitude 111° 23' 32''wW. NeESec 15 Twp 106 RIE wth Mer. 


Established 1964 | 
Re-established 
Re-established 


Observer 


Period of Observation 1959-60, 1964 to present, water sediment data col lected 
in 1971 (seasonal) 

Location of Station In N.E. 1/4 sec. 15, TP. 106, RGE 9, W. 4th Mer., on the 
right bank at Embarras airstrip at Mile 119.2 from 
waterways (Chart 6301). 


Description of Equipment A-35 Recorder activated by bubbler 


Remarks Station moved to present site May 1964. Station datum referred to 
Gi5.€2...(1965)5 

Records of 1959-60, are not comparable to those of 1964 to present due to 
datum differences. 


Bed cH MARKS STATION EQUIPMENT 


\ 
ey 123 N 
Sextant- Angle ! 
Section alt m le 123 


Looe G.S.c. 1683-D 
rang 


> 
= yi =~ 
/ 


All Tagets 2/4'S- 


{2I a5 


‘ G.S.c.~ 
Concrete Madesial G.s.c.léesg4-D 1682-D 


ca 8 4e! 


Shelter 


< 


\2° 


Joos ‘Base fine 


AT 1130 MST ON JUL 5 


ATHABASCA RIVER AT EMBARRAS AIRPORT - STATION NO. 07DD001 
DAILY WATER LEVEL IN FEET FOR 1970 
DAY JAN PES MAR APR MAY JUN JUL AUG SEP OCT NOV DEC DAY 
1 704.22 --- --- --- --- 709.09 Fits 5 708.76 705.68 707.00 --- --- 1 
2 704.22 --- --- == a5 709.05 715.90 709.55 705.82 706.81 --- --- 2 | 
3 704.20 --- --- --- --- 709.28 718.78 710.45 706.11 706.61 --- --- 3 
4 704.10 --- --- --- --- 709.23 720.72 710.73 706.43 706.43 --- --- r 
5 704.06 703.66 --- --- --- 708.69 Uae) ©, Pal 70s 57 706.78 706.27 --- --- 5 
: 
6 --- --- --- --- --- 708.07 720.68 710.15 TOT 13 706.13 --- --- 6 
7 --- --- --- 704.18 --- 707.51 719.74 709.61 707.25 706.02 --- --- 7 
8 --- --- --- 704.25 --- 707.07 718.60 709.14 707.17 --- --- === 8 
9 --- --- 703.86 704.31 --- 706.84 717.34 708.70 707.05 =—= --- --- 9 
10 --- --- 703.85 704.36 =-- 707.51 7 Gra3 708.40 706.99 --- --- --- 10 
11 --- --- 703.83 704.45 --- 709.16 Telia l?? 708.18 706.90 --- --- --- i] | 
12 --- --- 703.81 704.60 --- 709.73 714.54 708.10 706.76 --- --- --- 12 | 
13 --- --- 703.78 704.78 --- 709.53 714.23 708.03 706.58 --- --- --- 13 | 
14 --- --- OS HH 705.03 --- 709.38 713.91 707.87 706.35 --- --- BSS 14 | 
15 --- --- MWS 705.37 707.70 709.50 TiUgseS 3 707.76 706.12 --- --- --- 15 | 
16 --- --- 703.73 705.83 707.70 709.64 713.05 707.63 705.91 --- --- --- 16 | 
17 --- --- 703.72 706.75 707.78 709.62 we245 707.42 705.73 --- --- --- 17 | 
18 --- --- ROSe 72 708.05 708.18 709.73 7411.79 707.11 705.60 --- --- --- 18 
19 --- --- 703.70 709.57 708.99 709.47 Die tt 706.88 705.48 --- --- --- 19 
20 --- --- 703.70 712.02 799.67 709.03 710.43 706.79 705.38 --- --- --- 20 
21 --- --- --- 714.08 709.77 709.08 709.78 706.73 705.29 --- --- --- 21 | 
22 --- --- --- --- 709.58 Tatpieg?t 709.37 706.73 705.18 --- --- --- 22 
23 --- aoe --- --= 709.22 713.29 709.20 706.58 705.09 --- --- --- 23 
24 --- --- --- =-- 709.12 712.59 709.23 706.35 705.02 --- --- --- 28 | 
25 --- --- --- --- 709.39 712.18 709.40 706.22 705.30 --- --- --- 25 ' 
26 --- --- --- --- 709.72 712.12 709.28 706.10 706.06 --- --- -<- 26 | 
27 -~- --- --- --- 709.50 711.97 709.19 705.87 706.82 --- --- === 27 | 
28 --- --- --- --- 709.23 711.65 709.12 705.71 707.08 --- --- --- 28 
29 --- --- --- 709.06 711.46 708.92 705.59 OSA --- --- --- 29 | 
30 aes --- --- 709.01 TSN a 8 708.64 705.57 707.10 --- --- --- 30 | 
31 --- --- 709.07 708.53 705.58 --- --= 31 | 
| 
SUMMARY POR THE YEAR 1970 | 
MAXIMUM DAILY WATER LEVEL, 721.21 PT ON JUL §& TYPE OF GAUGE - RECORDING 
LOCATION - LAT 58 12 15 N 
MAXIMUM INSTANTANEOUS WATER LEVEL, 721.28 FT LONG 111 23 32 W NATURAL FLOW 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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SUMMARY FOR THE MONTHS MAY TO DEC 


MEAN DISCHARGE, 

TOTAL DISCHARGE, 
MAXIMUM DAILY DISCHARGE, 
MINIMUM DAILY DISCHARGE, 


37900 CFS 
18400000 AC-FT 


ATHABASCA RIVER AT EMBARRAS AIRPORT - STATION NO. 07DD001 
DAILY DISCHARGE IN CUBIC FEET PER SECOND FOR 1971 
APR MAY JUN JUL AUG SEP 
= 76600 E 27900 87800 59800 27500 
Ho 72200 E 29800 87800 55700 27200 
=== 68300 E 31800 82500 53500 27700 
so 63100 E 33500 75800 $1900 27300 
Sele 60500 E 33300 72900 49800 26600 
SoS 57300 E 32200 74700 47800 26400 
ese 55200 A 32300 83600 47000 26400 
Sa= 52500 32800 103000 46300 26600 
se 50100 33600 114000 46200 26400 
ae 48400 35800 114000 46100 25300 
SS 47100 41700 114000 45000 23700 
aie 45500 57000 119000 43700 22400 
RS 43700 64700 121000 43300 21300 
== 41900 78800 120000 43300 21100 
aii 40300 93300 125000 44000 22000 
i 38600 92700 138000 43000 21900 
aoe 36600 82100 148000 41400 21600 
—— 34400 73500 146000 40300 22500 
peas 32700 73900 135000 39900 22500 
es 32900 81200 121000 39400 23900 
es 35400 82800 109000 38600 24000 
ee 34600 85400 100000 37400 22600 
a= 32400 83500 91100 36100 21300 
=== 30100 75900 82800 34800 20000 
oie 28100 68000 76600 33400 19300 
ee 26600 63500 72700 32000 19100 
=e 25500 61800 69700 30600 19100 
aaa ad 24600 63400 67800 29700 19100 
Sar 24500 71500 67200 29700 19100 
ae 24900 82500 67600 29500 18900 

26100 64900 29100 
a 1310700 1800200 3052500 1288300 692800 
= 42300 60000 98500 41600 23100 
s—= 2600000 3570000 6050000 2560000 1370000 
igo 76600 93300 148000 59800 27700 
eas 24500 27900 64900 29100 18900 
TYPE OF GAUGE - RECORDING 
148000 CFS ON JUL 17 LOCATION - LAT 58 12 15 N 
5800 CFS ON DEC 29 LONG 111 23 32 W 


MAXIMUM INSTANTANEOUS DISCHARGE 
149000 CFS AT 2100 MST ON JUL 17 


587300 


18900 
1160000 
22600 
14000 
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NOV DEC 
13800 B 9500 B 
13500 B 9200 B 
13300 B 8900 B 
13000 B 8600 B 
12700 B 8300 B 
12300 B 8000 B 
12000 B 7800 B 
11800 B 7500 B 
11600 B 7300 B 
11500 B 7100 B 
11400 B 7000 B 
11400 B 7100 B 
11500 B 7300 B 
11400 B 7400 B 
11300 B 7200 B 
11100 B 7000 B 
11000 B 6800 B 
10900 B 6700 8 
10800 B 6600 B 
10900 B 6400 B 
11000 B 6300 B 
11100 B 6300 B 
11200 B 6200 B 
4917100 5B 6100 B 
11000 B 6000 B 
10800 B 6000 B 
10600 B 5900 B 
10300 B 5900 B 
10000 B 5800 B 

9800 B 5800 B 

5900 B 
344100 217900 
11500 7030 
683000 432000 
13800 9500 
9800 5800 


A-MANUAL GAUGE 
B-ICE CONDITIONS 
E-ESTIMATED 


NATURAL FLOW 
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: : Loc nr son 
DESCRIPTION OF HYDROMETRIC STATION PLan 
Station Name Embarras River below Divergence - station No. 0700003 
Latitude 58° 25' 20"N. Longitude 144° 33" o5" wy, . Sec Twp Rge 


Established 1971 
Re-established 


Ro-established =) 
Observer ye 
Period of Observation 1971 to present, water sediment data collected a 

in 1971) al'soy 


Location of Station On right bank, about two and one-quarter miles below divergence gh? = measvnne 
; from the Athabasca River at mile 138 on the Athabasca ‘> tere 
River navigation route. 8 


Description of Equipment Staff gauge. Ly 


Remarks This is one of the study station$in the Peace-Athabasca Delta Study. 


Sen cH MARKS STATION FauifPpEenr 
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Embarras River below Divergence - Station No. 07DD0003 


Summary of Discharge Measurements 


ARTAL 1972 


Mean Mean Mean Mean | 

Date Velocity Gauge Discharge | Date Velocity Gauge Discharg| 
Height Height | 

at fps it cfs 
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DESCRIPTION OF HYDROMETRIC STATION 


Station Name Fletcher Channel Below Divergence - Station No 0700004 
Latitude 58° 27' 55° nN, Longitude 111° 04' 30" w, - Sec Twp Rge 
Established 1971 


Re-established 
Re-established 


MEAS URI 
Observer a S£¢TI0W 
Period of Observation 197) to the present. Water sediment data collected 

In 197). 


Location of Station On left bank, one mile below divergence from Athabasca River, 
about mile 163 on the Athabasca River Navigation Route. 


Description of Equipment Staff gauge. 


Remarks This is one of the stations in the Peace-Athabasca Delta Study. 


BENCH MARKS STATION ERauU;sPpIeENT 
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Mean 
Gauge Discharge 
Height 


Mean 
Gauge 
Height 


ccs 
rama) 
1,130 
=) | ee rs | 9,210. 
3 ; | ceeya.9 
18.100. 
10,000 
6,860 
5,643 
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DESCRIPTION CF HYDROMETRIC STATION 


Station Name Goose tsland Channel below Divergence, station 070D005 

Latitude 58° 28' 15" N. Longitude 110° SZ Wie - Sec Twp Rge 

Established 1971 

Re-established 

Re-established 

Observer 

Period of Observation 1971 to the present, water sediment data collected 1971. 

Location of Station On left bank approximately three-quarters of a mile below 
divergence from Athabasca River at mile 174 on the 


Athabasca River navigation route. 


Description of Equipment Staff gauge 


Remarks’ This is one of the stations in the Peace-Athabasca Delta Study 


BEN CH = =mMARKS STATION EausPpteNnr 
a } 
all intree | 


ised tts, ibge eee See 
ee iq ae 2 
yee o-8 staff ; lage popbor tree 


anchor: ole for anchoring tg hin 


Summary of Discharge Measurements 


BESWAS 1972 
Mean Mean | Mean Mean 


Date Velocity Gauge Discharge Velocity 


Height 


Gauge 
Height 


ft cfs fit 
Ones 21,400 
mec ei°1-maey \foaaene URC le 
a | 
Pe 22,700 
sep ecerg am Ite Seek en 
4.09 17,800 | 


1.85 10,200 ee 
O720 8,000 | 
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DESCRIPTION OF HYDROMETRIC STATION 


Station Name Big Point Channel below Divergence, station 0700006 

Latitude 58° 28' 55" N. Longitude 110° 48' 15" Ww. . Sec Twp Rge 
Established 197) 

Re-established 

Re-cestablished 


Observer 


Period of Observation 1971 to present, water sediment data collected in 1971. 


Location of Station On right bank at mile 175.5 on the Athabasca 
River navigation channel. 


| 
’ 
Description of Equipment Staff gauge 


Remarks This is one of the stations in the Peace-Athabasca Delta Study 
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DESCRIPTION OF HYDROMETRIC STATION 

Station Name Athabasca River Above Jackfish Creek - Station No. 0700007 

Latitude 58° 25' N. Longitude 110° 55' w. - Sec Twp Rge 

Established 1971 

Re-established 

Re-established 

Observer 

Period of Observation 197) to present (seasonal) 

Location of Station Twenty-two miles south and nine miles east of Fort 
Chipewyan, located on the left bank of the Athabasca 
River three-hundred feet east of indian settlement. 

Description of Equipment Staff gauge installed July 6/71. —(F-type 


recorder originally installed, was knocked out June 25/71. 


Remarks’ This station operated for the Peace-Athabasca Delta Study. 


SEN cH MARKS STATION Eau Ppteny 
| 2% Crsirootin Suezreg 
| Lavan Serrumewr 4 av F-Tree Recoxnnce 
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Athabasca River Above Jackfish Creek - Statlon No. 0700007 


Daily Elevations in Feet for the Year 1971 


MZ MAY "JUN | Sree 
| | : 74 | 
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10 | = 
| 60 5.64 2 | is po a «=| 
\ 22 5.46 a | 
| | 94 S.1la | 
| 53 5.09 a | 
03 a 6.20 a | I 
| | 63 a 5.04 a | nike | 
50 a 9.48 a 4.94 a | 
| 30 a 9.61 a 4.86 a | j : 
| | 10.38 a 4.77 a | : 
' E | 10.92 a 4.69 a ' 
p97 8ira—rgir ge papers 
3.77 a 6.72 aiosd63'a | 4.60 aes 
3.58 6.95 a! 9.49 a | 4.530 | | | 
3.43 6.95 a| We 4.37 6 | 
3.19 3.97 a | | 
3.02 3.78 a 
2.90 3.81 | | 
2.76 | 3.67 a | | 
2.75 3.68 a} | 
2.75 3.50 a 
2.63 3.48 a | i 
| | | 


Mean Mean 
Date Velocity Gauge Discharge 
Height 
CL cis 
Jun 3 
Hun 16 a2 a 
ful 8 Jul 5 
Jul 20 Jul 18 
Aug 19 
| Sep] @ Flow 


DESCRIPTION OF HYDROMETRIC STATION 


Station Name Jackfish Creek above confluence Athabasca River, station 07D0009 


Latitude 58° 24' 45''N, Longitude 110° 50' 15" w, - Sec Twp Rge 
Established 1971 
Re-established 


Re-established 


Observer 


1971 to the present (seasonal operation in 1971) 
water sediment data also collected in 1971. 
Measurement section - located approximately one-third 
mile upstream from confluence Athabasca River. 


Period of Observation 


Location of Station 
Description cf Equipment 


Stage-discharge relationship defined by stage record at Richardson 


Remarks 
Lake at the outlet and Athabasca River above Jackfish Creek. 


STATION EFakstPriENT 


Sex cr 


MARKS 


Summary of Discharge Measurements 
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Mean 
Velocity 


into Richardson Lake from 
the Athabasca River 
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DESCRIPTION OF HYDROMUTRIC STATION 

Station Name Baril Lake at Center of Lake - Statlon No. 07KFO05 

Latitude 58° 46! 90" Longitude 417° 4o' oo" - Sec Twp Rge 
Established 197} 

Re-estedlished 

Re-established 

Observer 


Period of Observation 1971 to present (seasonal) 


Location of Station Twenty and one-half miles north 80° west of Fort 
Chipewyan. Gauge located in the center of Baril Lake. 


Ak. 
ee Steheen 


fy 


Description of Equipment F-type recorder activated by a float. Staff 
gauge located in: center of Lake. Sediment data 


collected in 197). oe, 


Cree 
Remarks This station operated for the Peace-Athabasca Delta Study. ioe: 


SENcH MARKS 


STATION EauiPpeNnr Charee 


Calironp SHeLré&¢ 


- ee F-tye R Ecad 22 


) 
t 
t 
‘ 
' 
' 


8° Cueveer (6 ’ me) 
"'O Sree prog 
STF GAUGE . 


BM 26 ~ Elevation 688.92 Is C.E.$. bench mark on 
south shore of Barll Lake 

BM 27 - Elevation 688.82 is C.E.S. bench mark on 
west shore of Baril Lake 

BM 28 - Elevation 688.82 Is C.E.S. bench mark on 
east shore of Baril Lake 


77 AS oT / f CAC A als tas (es ae dar ae 
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BARIL LAKE AT CENTRE OF LAKE - STATION NO. O7KFO005 
DAILY WATER LEVEL IN FEET FOR 1971 


DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OcT NOV DEC DAY 
' a --- --- --- --- ~-- 686.18 686.84 686.46 686.38 --- --- 1 
2 =o --- -~- --- --- --- 686.21 686.80 686.51 686.40 --- --- 2 
3 —=- --- --- --- --- --- 686.22 686.80 686.51 686.40 --- --- 3 
a = --- --- ~~~ --- --- 686.25 686.80 686.51 686.41 --- --- 4 
5 = -- ~-- -~- --- --- 686.28 686.74 686.52 686.39 --- --- 5 
6 == --- --- --- --- --- 686.35 686.74 686.53 686.43 --- --- 6 
5 = --- ~~ --- --- --- 686.41 686.72 686.52 686.45 --- --- 7 
8 --- --- --- --- --- --- 686.31 686.75 686.51 686.37 --- --- 8 
9 <2 -- -- --- --- --- 686.29 686.72 686.49 686.43 ~-- --- 9 

10 a2 --- -- --- --- --- 686.27 686.69 686.47 686.37 -- --- 10 

7 Hes --- --- -~-- --- --- 686.26 686.74 686.50 686.36 --- --- 1 

12 =e= --- ~~- --- --- --- 686.25 686.69 686.50 686.40 --- --- 12 

3 ~-< ~-- --- --- --- --- 686.29 686.63 686.56 686.45 --- --- 13 

14 -== --- --- -+- --- --- 686.29 686.63 686.56 686.39 --- --- 14 

16 — === --- --- --- --- 686.28 666.66 686.53 686.35 --- --- 15 

16 === --- -~-- --- --- --- 686.35 686.61 686.48 586.29 --- --- 16 

1? _— --- --- ~-- --- --- 686.47 686.62 686.42 686.29 --- --- 17 

18 — --- --- --- --- --- 686.53 686.60 686.52 686.34 --- --- 18 

19 --- ~-- --- --- --- ~-- 686.65 686.58 686.55 686.34 --- --- 19 

20 = --- --- --- --- --- 686.80 686.57 686.44 686.35 --- --- 20 

21 =-- --- ~-- --- ~-- --- 686.86 686.55 686.45 686.34 --- --- 21 

22 --- ~-- --- --- --- 685.82A 686.89 686.56 686.44 686.31 --- --- 22 

23 --- -~- --- --- ~-- --- 686.96 686.54 686.44 686.34A --- --- 23 

24 =-- -~- --- --- --- --- 686.99 686.52 686.43 --- --- --- 24 

25 --- --- ~-- --- --- --- 687.00 686.50 686.43 --- --- --- 25 

26 --- --- --- --- --- --- 686.91 686.50 686.44 --- --- --- 26 

27 --- --- --- ~-- --- --- 686.98 686.50 686.46 --- --- --- 27 

28 --- --- --- --- --- 686.20A 686.95 686.48 686.49 --- --- --- 28 

29 --- --- --- --- 686.20 686.94 686.45 686.45 ~-- --- --- 29 

30 --- --- --- 685.98A 686.17 686.98 686.43 686.38 --- --- --- 30 

31 --- --- --- 686.86 686.44 --- --- 31 


A-MANUAL GAUGE 
TYPE OF GAUGE - RECORDING 
LOCATION - LAT 58 46 00 N 
LONG 111 41 00 wW REGULATED SINCE 1967 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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DESCRIPTION OF HYDROMETRIC STATION 


Station Nane 


Birch River Below Alice Creek - Station No. 07KE00) 


107 Rge 19 wh 


26 Twp 


S.w Sec 


Longitude Ki3° O4' w 


Latitude 58° 19! N 


1967 


Established 


Re-established 
Re-establishecd 


Observer 


Wood BufFale 


Period of Observation July 1967 to present 


Pork 


Noatienal 


About seventy-sIx alr miles southwest of Fort Chipewyan 


or six miles below confluence with Alice Creek 


Location of Station 


Recorder activated by a bubbler and also sediment 


data since 1970 


Description of Equipment 


’ 


Remarks 


i 
i 


c 
° 
+ 
@ 
+ 
w 


| 
| 
| 
| 
Jl 
4 
Hl 
of 
| 
a 
| 


— a water bevel 


How i. 1867 - 68.3 


EFRauiPhrpteny 
aaa ee 


Keevily Weeded 


STATION 


A 


S$.1.8.t. No 


MARKS 
—40 ——> 
Shelter 


GEN cH 


Birch River 
intl 
PORES te No. Go gee 


07KE001 


STATION NO. 


BIRCH RIVER BELOW ALICE CREEK 


1970 


DAILY DISCHARGE IN CUBIC FEET PER SECOND FOR 


DAY 


DEC 


NOV 


oct 


SEP 


AUG 


JUL 


JUN 


MAY 


APR 


MAR 


FEB 


JAN 


DAY 


-NMIH 


nanan 


KNOaewN 


ananm 


Wr ono 
- 


annnaa 


ananna 


392.6 19985.8 68460 27550 14915 6778 8292 149154 3942.0 946.0 TOTAL 


445.7 


1970 


SUMMARY POR THE YEAR 


B-ICE CONDITIONS 


LAT 18 40 N 


58 
LONG 113 04 05 W 


TYPE OF GAUGE - RECORDING 


LOCATION - 


3 
9 


3150 CFS ON MAY 
11.5 CFS ON MAR 


MEAN DISCHARGE, 456 CFS 

TOTAL DISCHARGE, 330000 AC-PT 

MAXIMUM DAILY DISCHARGE, 
DAILY DISCHARGE, 


MINIMUM 


NATURAL FLOW 


K 38 


- STATION NO. 07KE001 


ALICE CREEK 


BIRCH RIVER BELOW 


DAILY DISCHARGE IN CUBIC FEET PER SECOND FOR 1971 


DAY 


DEC 


NOV 


oct 


SEP 


AUG 


JUL 


JUN 


MAY 


APR 


MAR 


FEB 


JAN 


DAY 


K-NmMawy 


anaam 


K-NmOMITY 


WON ONO 
- 


monnm 


aAwrnzTo0 
MN ON 
NNANNN 


ananm 


KNNMOM 
Nr-owzro 
wWwnwars 


ooooo 
TOasOOo 
ANN 


were e 


796 
ips 
1020 
1060 
1100 


NNOWT 
NAwWonm 


wor ano 
- 


annanr 


maaonmnm 


CIP Acs C 224.6 31026.8 33899 14636 29144 8092 49446 31793 11298 4719.9 TOTAL 


aS a7 


TOTAL 


1971 


SUMMAKY FOR THE YEAR 


B-ICE CONDITIONS 


RECORDING 
58 18 40 N 
113 04 OS W 


LAT 
LONG 


TYPE OF GAUGE 
DRAINAGE AREA 


LOCATION - 


6 


4000 CFS ON APR 25 
5.0 CFS ON APR 


SONGS 
427000 AC-FT 


MEAN DISCHARGE, 
TOTAL DISCHARGE, 
MAXIMUM DAILY DISCHARGE, 
MINIMUM DAILY DISCHARGE, 


NATURAL FLOW 


3860 SQ MILES 


APR 25 


1200 MST ON 


4050 CFS AT 


MAXIMUM INSTANTANEOUS DISCHARGE 
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DESCRIPTION OF HYDROMLTRIC STATION 


Station Name Chenal Des Quatre Fourches at Quatre Fourches - Station 07KFOO! 


Latitude 58° 38' 50'°N Longitude 111° 17' 20 W. . Sec Twp Rge 
Establishea 1960 L ane 
Re-established 1970 Aruweasca 


Re-established '!97] 


Observer 


Period of Observation 1971 to present (recording gauge) manual gauge 
readings for 1960 and 1970. 

Location of Station Located on the north bank of Four Forks six and one-half 

miles southwest of Fort Chipewyan. 


Description of Equipment F-type recorder activated by a float. 
Staff gauge located near north bank. 


This station operated for the Peace-Athabasca Delta Study. 


Remarks 


STATION EQU)P ptIeENT 


Califo nia Shelter 
F-ty pe Recorder 


GeEncH MARKS 


1a" Culvert lo’ high) | 
|} steel pipe 
Staff GAUGE 

Flat 


RL : 


Vv. 


Chenal Des Quatre Fourches at Quatre Fourches - Station 07KF0OI 
Daily Elevations In Feet for the Year 1970 
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Chenal Des Quatre Fourches at Quatre Fourches - Station 07KF0O] 


Dally Elevations In Feet for the Year 1971 


Dowoeweo & ® w& 
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687.27 | 686.18 
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Chenal Des Quatre Fourches at Quatre Fourches <= Station O7KFOO! 


Dally Elevations In Feet for the Year 1972 
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hoc mT son e. 
DESCRIPTION OF HYDROMDTRIC STATION < / fran 
Station Name Chenal Des Quatre Fourches above Peace confluence - station O7KFOO4 
Latitude 58° 52' 4o"'N. Longitude 111° 36' lo" Ww ~. Sec Twp Rge 


Established 1960 
Re-established 1970 


Re-establishcd 197] PrAcE 
Observer 
Period of Observation 1971 to present (recording-type gauge). Manual gauge 
recordings in 1960 and 1970. 
Location of Station Twenty and one-half miles (air) northwest of Fort 


Chipewyan. Located one mile above the confluence 
with Peace River. 


Description of Equipment A-35 float-type recorder. OLD Kecokock SITE 


TEM 4! 
Ke New! kECokKDEK SITE 
Remarks This station operated for the Peace-Athabasca Delta Study. 


STATION Eau) PrpteNlT ¥ 


CaLifonia SHELTRE 
: ee ee Reconoea 


BENCH MARKS 
1 Dt A Sy 


\V" 
ee ’ 
| Ay J BP Corvear(1P Hien) 
seh Ib S7een Pipe 
l [oe DESMa 
, ! STOP GAUL. 
P Reconoe Floar 
Gua rre 
7 FouReMes' “ip ie Steen ak ee 


\ 
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Chenal Des Quatre Fourches above Peace confluence - Station O7KFOO4 


Dally Elevations In Feet for the Year 1970 


K 42 


Chenal Des Quatre Fourches above Peace confluence - Station O7KFOO4 


Daily Elevations in Feet for the Year 1971 


Ss Re ce DEC 


7 682.5 684.9 679.96 
2 687.29 “| 686 679.99 
3 682.68 687 680.14 
4 682.54 687 680.35 
5 678.58 682.7) 687. 680.46 
ma6dl) a aananaey : 682.52 686 680.64 
7 682.23 685 680.14 
8 682.36 685 680.25 
9 682.46 684 680.11 
10 682.52 684 680.00 
11 682.69 684 680.40 a 
12 682.65 684 680.59 
13 683.95 682.85 685 681.25 
14 683.44 686 
15 4 6] 7220s.. e oee. = ; 684.25 a | 686. 
16 689 681.11 
17 684.84 a 690 680.79 
18 680.53 
19 680.31 
ZO. ok are 2 es eile pee CE ee - it 689, 680.22 
ruil 679.94 
22 679.94 
23 679.82 
24 679.83 
29 |= oe ee as ath | ies ; 679.45 | 
26 679.15 a 
| 685. 
28 685. 
29 684.80 a 684. 
30 684.68 684. 
31 682.51 684. 
ean | 
Aax | 
tee 
SE ee ia eee = bias _._§ 
Chenal Des Quatre Fourches above Peace confluence - Station O7KFOO4 
Dally Elevations In Feet for the Year 1972 
1 
2 
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BM 43 - Elevation 691.37 Is C.E.S. bench mark on 
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DESCRIPTION OF HYDROMETRIC STATION 

Station Namc Chenal des Quatre Fourches below Four Forks, statlton O7KF006 
Latitude 58° 39' 05" N. Longitude 111° 17' Sow. . Sec Twp Rge 
Established 1960 

Re-established 

Re-established 


Observer 


Period of Observation 1960, 1970 to present (seasonal) water sediment data 
collected in 1971. 


Location of Station Approximately one'half mile north of Foor Forks 
Description of Equipment Staff gauce 
Remarks 


This site used as a measuring section. 


GEXCH MARKS STATION EaujslMeéhT 


west side of channel about 1000 yards 
north of Four Forks 


Loc AT) oN 


K 43 


PLAN 


Chenal des Quatre Fourches below Four Forks - Station O7KF006 
Dally Elevations In Feet for the Year 197} 
- - i = las ; a 
OCW. | NOV H DEC 
{ | 
| 
: | i 
| ! 
685.82 
| 682.06 
-  |> 685.68 | 684.08 | - 
t 
685.49 | 681.91 
686.73 
= 68525) 3 
686.85 683.76 | 
| | 
| 
| 
| 
684.74 1 | 
682.82 ) 
| 


K 44 
Chenal des Quatre Fourches below Four Forks - 


Station No. O7KF006 


Summary of Discharge Measurements 


———- — - - a a on 
a a a ee 


Mean Moan Mean Mean | 
Date Velocity Gauge Velocity Gauge Discharae 
Height Height | 
fps fat cfs 
he 1. 


AU 
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Chenal des Quatre Fourches below Four Forks 
Station No. O7KF006 


Summary of Discharge Measurements 


Mean Mean 


Hean Mean 
Velocity Gauge Velocity Gauge 1 Discharge 
Height Height 


Jun 14 
Jun 16 
Jun 18 


Yun 21 
Jun 23 16,000 @ 


7,700 ® 


ll 


| 


13,100 @ 


B Ice conditions 
@ Flow was southward toward 
Lake Athabasca 
ncaa es, Sateen Mee eee ie reed Ee ae cae ae 
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DESCRIPTION OF HYDROMETRIC STATION Loc AT yon PLAN 
Station Name Chenal des Quatre Fourches at Ranger's Cabin - station O07KFO07 

Latitude 58° 47" 4o'' WN, Longitude t11° 28" bow. . Sec Twp Rge 

Established 1970 
Re-established 
Re-established : 
Observer 

Period of Observation 1970 to present (seasonal) 


Location of Station Approximately twelve miles above confluence with Peace River. 
Description of Equipment Staff Gauge 


Remarks Stage-type record only 


BENCH MARKS STATION EausPMENT 


BM'C' - Elevation 691.69 Is a brass plug (Topo- 
graphic Survey of Canada) In rock outcrop 


on right bank. 


Chenal des Quatre Fourches at Ranger's Cabin - Station 07KF007 | 


Dally Elevations In Feet for the Year 1970 


FEB MAR APR MAY JUN JUL AUG SEP. oct NOV DEC 


oO 
co 
w 
NR 
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682.14 
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Chenal des Quatre Fourches at Ranger's Cabin - Station O7KF007 


Dally Elevattons In Feet for the Year 1971 


ie (ie od ata  eateyee 5s 
| MAR APR MAY JUN JUL AUG SEP oct NOV DEC 
| 
2 ' 
3 | | 
4 i | 
5 at . = art es 
6 684.80 | 
2 | 
8 | 682.98 
9 | | 683.22 
is ie | ey a | 683.93 684.96 a ss 9 
686.23 | 
| Pash di = i , | eae 
| 688.45 
| | 685.18 | 
: | 688.63 | 684.58 
{ | eS dts, a i} 
| 682.87 
| 687.81 | 
| 
| 683.96 
SD ae eT 683.87 
686.46 
| 685.48 
| 684.08 
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DESCRIPTION OF HYDROMETRIC STATION 


Station Name Chenal des Quatre Fourches at High Rock Tower, statlon O7KF008 


Latitude 58° 48' 50''N, Longitude 111° 33' 30" w, ~ Sec Twp Rge 
Established 1971 
Re-established 


Re-established 


Observer 


Period of Observation 1971! to present (seasonal) 
Approximately nine miles above confluence with 


Location of Station 
Peace River, located directly below High Rock Tower. 


Description of Equipment Staff gauge 


Foer 
CHier, Lake 


Aruaga 


Remarks Stage only type of record. 


STATION Eau;sPaenrT 


BENCH MARKS 


- Elevation 696.97 Is 1/2" iron stove bolt 


S<cA 


on left bank In rock outcrop below fire 


lookout tower. 


CHENAL des QUATRE FOURCHES AT HIGH ROCK TOWER 


Daily Water Level in Feet for the Year 


Station No. O07KF008 


JAN JUN JUL 
682.41 684. 
682.39 685. 
682.61 686. 
682.41 686. ; 
682.50 686. d 
682.50 686.20 683.81 | 
682.17 685.6) 683. 37 
682.28 685.18 
682. 36 
Lae 7 682.37 684.64 - ker 
682.49 684.58 a eal 
682.57 684.52 
682.62 684.96 | 
682.9] 685.70 | 
683.66 686.53 | 
684.29 : sree oS aaa 9 as 1 
684.51 
684.56 
683.95 688.92 
683,72. 688.60 : : 
688.06 | 
688.26 687.28 | 
688.21 687. 33 | 
687.92 686.24 | 681.82 
oe 687.02 > | 
687.68 680.69 
| 686.56 | | 
685.17 | | 
§Bi: 23 | 
cee | 684.59 680. 86 
| 684.12 
688.26 : 
| 682.17 
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DESCRIPTION OF HYDROMETRIC 


STATION 


Station Namc Mamawl Lake Channel at Dog Camp, station O7KFOIO 


Latitude 58° 38' 50!" N. Longitude 111° 18 4o"w. . Sec Twp Rge 


Established 


1970 


Re-established 
Re-established 


Observer 


Period of Observation 1970 to present (seasonal), water sediment data 


Location of Station 


collected In 1971. 
On south bank approximately one-half mile west of Four 
Forks. 


Description of Equipment Staff gauge 


Remarks 


JAN 


Bench MARKS 


BMH'W' - Elevation 693.66 is brass cap on N.E. 
side of midstream bedrock outcrop which 
Is now In the middle of dam constructed 
In 1971-1972 

Elevation 688,64 is C.E.S. bench mark on 
north bank of Mamawi Channel about 1/4 
mile west of Four Forks. 

RBM - Elevation 691.92 Is top of low rock about 
500' In front of house at Dog Camp 


This site used as a measuring section. 


STATION EaQuU)PPIENT 


Mamawl Lake Channel at Dog Camp - Station No. O7KFOIO 


Dally Water Level In Feet for Year 1970 


( 
' 
‘ 


FEB MAR APR MAY | JUN JUL | AUG 
| | | | 683.56 
! i 
| | 683.96 
r | ' 683.96 
| | | 683.76 
| | | 683.56 
| 683.26 
: 683.66 
iat ta pe er | | | 683.26 
i t | 
{ | 
! | | 682.56 
-| 684.09 | 
i, Sa te | 681.46 
684.21 
683.91 | 682.66 
{ 683.76 
684.36 | 682.76 
fete — 684.24 | 
684.11 | 683.17 
, ; 684.14 | 
| 684.08 
683 .86 
th eeceenaes | Te Rt ee, See perees eee ee] (eee ae 2 SL i Eee) 
] . 
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Mamaw!l Lake Channel at Dog Camp - Station No.07KFO10 


Dally Water Levels In Feet for Year 1971 
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H 
683.96 
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| 
683.83 


Mamawi Lake Channel at Dog Camp 


Stofion-07KFE010 


Summary of Discharge Measurements 


Gauge 
Height 


6. 10,700 @ {ill 
> Pe eocer al 
ni (Ee 2S ems | 

Bao 2,010 | 
H 3 1.22 6.13 5,240 “i 
Mee | 0.57 |. 5.99 2,390 @ 
ey | 0.37 6.18 aaa 
ul 12 0.92 Become meer 7150 I 
ul 14 O+31 4.90 lo Cane | 
ul 16 ize 5.54 | 

5.82 3,610 e 

6.34 9,530 @ 

6.87 5,080 © 

“5.72 | 3,550 ¢ (||| 

cic |-| 4.9200) ill 

sa 1,710 

4.88 1,470 

4.89. 3,420 @ 


ya 


Mean 
Velocity 


(Con ites) 


Mean 
Gauge 
Height 


K51 


Discharge 


cfs 
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DESCRIPTION OF HYDROMETRIC STATION Loc AT son PLAN 


Station Name Lake Athabasca Channel East of Four Forks = station O7KFOI) 


Latitude 58° 39' 10" N. Longitude 111° 16' 40" Ww. . Sec Twp Rge 


Established 1970 | 
Re-established 

Re-established 

Observer 


Period of Observation 1970 to present 


Location of Station On north bank approximately one mile northeast of Four 
Forks. 


Description of Equipment Staff gauge 


Remarks’ Miscellaneous discharge measurements taken at this site. 


BENCH MARKS STATION EausfPmenr 


Summary of Discharge Measurements 


1971 | 
= | 

| 

| 
Dischare 


Mean 
Gauge 

Height 
ft 


Mean Mean 
Velocity Gauge Discharge 
Height 


Mean 
Velocity 


fps 
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DESCRIPTION OF HYDROMETRIC STATION hocarseN PLAN 


Station Name Grochier Channel Above Four Forks, station 07KFOI2 

\ 

| Latitude 58° 38' 35" N. Longitude 111° 16' 55" w, . Sec Twp Rge 
: Established 1971 


Re-established 
Re-established 


: Observer 
| Period of Observation 1970 to the present 
H Location of Station On south bank approximately one-third mile south 
} of Four Forks. | KS 
Description of Equipment Staff gauge a < ve 
\ Lal 
it 
2 
| cA oe 
NS mene 
Remarks Miscellaneous discharge measurements taken at this site. {pia Ne Mapa a eh: BS 3 ~ 
| a wd Stee" jane 
ot hottrre one 
Belch MARKS STATION Eaui PENT CO For-Fors Gavee 


fem 45 


BM 45 - Elevation 688.35 is C.E.S. bench mark 
located 20' from shoreline on south bank. 
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Summary of Discharge Measurements 


1970 | 1971 


Mean 
Gauge 
Height 


Mean 
Velocity 


Mean 
Velocity 


Discharge Discharge 


Height 
it 


Nee fps cre 


| 
| 
| 
| 
| 
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DESCRIYFTION OF HYDROMETRIC STATION f Loc nT yon PLAN 
Station Name Lake Claire near o.rlet to Prairie River - Station No. O7KFO002 
Latitude 58° 38' 00" N, Longitude 111° 41' 50" - Sec}3 Twp iil Rge 1) wh send eae 


Established 1970 iS 
Re-established 
Re-established . ce 


Observer gees 


N 
1 “ 


Period of Observation 1970 to present 


Location of Station On island near right bank of river, twenty-one miles 


Wo00D BUFFALO 
west of Fort Chipewyan, by air. cs, 


Leake C/arre 
Description of Equipment Recorder activated by pressure gauge 


Gaug e 


Remarks 


Ben cH MAKICS STATION EausPpteNT 


S+25/e TERI Nes 
wile 7 ve w)/, 
O64. O67 51 =O SLE 
S/3B7"/ $/AM*2 S/AnMI FZ Mup 
eS 
Gy) at 
! (ee PRessuke Bu.B en- me 
o WY ps ANcle Ren supPoRT 


8 : : BOWE I NrO~LAKE Borrom ms 


LAKE CLAIRE NEAR OUTLET TO PRAIRIE RIVER - STATION NO. O7KF002 
DAILY WATER LEVEL IN FEET FOR 1970 


DAY JAN PEB MAR APR MAY JUN JUL AUG SEP ocT Nov DEC DAY 
1 --- --- --- --- --- ==~ --- 684.91 683.89 684.42 --- --- 1 
2 --- --- --- --- --- --- --- 684.41 683.91 684.01 --- --- 2 
3 --- --- --- --- --- --- --- 684.40 684.01 683.96 --- --- 3 
4 --- --- --- --- --- --- --- 684.30 684.04 683.99 --- --- a 
5 --- --- --- --< --- --- -~- 684.28 684.10 684.49 --- --- 5 
6 --- --- --- --- --- =-- --- 684.38 684.66 684.51 --- --- 6 
7 --- --- --- --- --- --- --- 684.29 685.10 684.21 --- 683.61 7 
8 --- --- --- --- --- --- --- 684.87 685.19 684.04 --- --- 8 
9 --- --- --- === a= -~= --- 685.69 684.69 683.99 --- --- 9 

10 --- ~-- --- --- --- --- --- 685.74 684.59 683.95 --- --- 10 

11 --- --- --- --- --- --- --- 685.23 684.30 683.86 --- --- 11 

12 --- --- --- --- --- --- =-- 684.53 684.09 683.86 --- --- 12 

13 --- --- --- --- ~—= --- --- 684.29 683.95 683.86 --- --- 13 

14 --- --- --- --- -<= --- --- 684.33 683.96 683.86 --- --- 18 

15 --- --- --- --- --- --- --- 684.22 683.86 683.86 --- --- 15 

16 --- --- --- --- nas --- --- 684.36 683.82 --- --- --- 16 

17 --- --- --- --- --- --- --- 684.68 683.76 --- --- --- 17 

18 --- --- 682.54 --- --- --- --- 684.94 683.84 --- --- --- 18 

19 --- --- --- --- --- --- --- 684.41 683.94 --- --- --- 19 

20 --- --- --- --- --- --- --- 684.47 683.89 --- --- --- 20 

21 --- --- --- --- --- --- --- 684.74 683.79 --- --- --- 21 

22 --- --- --- --- ~=- --- --- 684.45 683.86 --- --- --- 22 

23 --- --- --- --- --- --- --- 684.18 683.86 --- --- --- 23 

24 --- --- --- --- --- --- --- 684.50 684.22 --- --- --- 24 

25 --- --- --- --- --- --- --- 684.14 684.42 --- --- --- 25 

26 --- --- --- --- --- --- 684.85 684.10 684.00 --- --- --- 26 

27 --- --- --- --- --- --- 684.74 684.23 683.92 --- --- --- 27 

28 --- --- --- --- --- --- 684.54 684.07 683.98 --- --- --- 28 

29 ~-- --- “== ae oe 684.50 684.00 683.89 --- --- --- 29 

30 --- --- --- --- --- 684.59 683.95 684.25 --- --- --- 30 

31 --- --- --- 685.66 684.18 --- --- 31 

TYPE OF GAUGE - RECORDING 
LOCATION - LAT $8 38 00 N 
LONG 111 42 00 W NATURAL PLOW 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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LAKE CLAIRE NEAR OUTLET TO PRAIRIE RIVER 


DAILY WATER LEVEL IN FEET FOR 


MAY 


685.21A 


684.92 
685.10 
685.37 
684.97 
685.26 


685.22 
685.04 
685.14 
684.96 
684.95 
685.04 


JUN J 
685.20 685 
685.13 685 
685.10 685 
685.04 685 
684.79 685 
684.67 685 
684.70 685 
684.66 685 
684.68 685 
684.90 685 
684.86 685 
685.44 685 
684.90 68 
684.69 68 
684.66 68 
684.74 68 
684.95 68 
684.90 68 
684.79 68 
684.85 68 
684.87 68 
684.82 68 
684.90 68 
684.97 68 
685.05 68 
685.24 68 
685.41 68 
685.33 68 
685.17 68 
685.17 68 

68 


TYPE OF GAU 
LOCATION - 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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— 684.78 
684.75A 684.80 
684.73 684.80 
684.74 684.81 
684.71 684.84 
684.69 684.86 
684.68 684.88 
684.70 684.83 
684.79 684.33 
684.77 684.90 
684.74 684.88 
684.80 684.82 
684.78 684.80 
684.79 ae 
684.83 Svs 
684.83 BSS 
684.84 SS 
684.79 oes 
684.77 —— 
684.76 === 
684.76 IS 
684.82 SES 
684.87 aS 
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DESCRIPTION OF HYDROMETRIC STATION Loc arson PLan 


Station Name Mamawl Lake at Poplar Island - Station 07KFO003 


Latitude 58° 36' 15" N, Longitude 111° 22' oo" w, . Sec Twp Rge &% 
t, 

Established 1971 ® 

Re-established Se 


Re-estaclished 
Observer 


Period cf Observation 1971 to present (seasonal) 


Location of Station Four and one-half miles by boat southwest of Four 
Forks, located on east shore of Mamawi Lake in the 


Mamawi Channel by Poplar Island. 


Description of Equipment F-type recorder activated by a float. Staff 


gauge located near east bank. 


Doras 


Reeoacte 7 5! AND 


Remarks This station operated for the Peace-Athabasca Delta Study. 


Bed tH MARKS STATION EaupPptenr 


Califenia Shelter 
wae oe eee pee F-ty pe Recorder 


1g¢ Colver? CO. h 15h) 


TBM #1 - Nall in stake about 50 feet east of | 
channel elevation 688.72 (September/7!) 


Manni 


L ake 
pas een, 
in a 
iz 
TFINSATIOINY DP Ja2 LT fl Fo 
MAMAWI LAKE AT POPLAR ISLAND - STATION NO. O7KF003 
DAILY WATER LEVEL IN FEET FOR 1971 

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OcT NOV DEC DAY 

1 ——— SS a a ae 684.03 685.00 685.84 684.78 683.17 a SS 1 
74 Se ee ace = a = 683.90 685.15 685.78 684.96 683.29 SoS ei 2 

3 Se ae Cie =SoF cs 683.95 685.39 See 685.03E 683.36 lee Se 3 

4 =i i Sa ater SS 683.95 685.51 eaten 684.74A 683.51 AS a 4 

5 Sa= So == a ale 684.02 685.49 aa 684.73 683.38 a SS 5 
6 SSS === al aS eS 683.89 685).S:2 Tee 684.68 683.49 aaa IS 6 
7 == a in es Sia 683.76 685.47 Sears 684.62 683.87 SoS ir i, 
8 eens BES a a ae = 683.84 685.25 aie 684.48 683.28 TIS eS 8 
9 eae See zi ee a= 683.84 685.08 685.70A 684.47 683.50 === SSS 9 
10 ie ain Seo ea sing 683.82 685.01 ssecixe 684.31 683.40 a oe aa 10 
11 oes SS SoS oe SS 683.82 685.10 685.72A 684.41 683.22 oe PS W 
12 tee SSS eee se a= 683.85 685.09 685.63 684.24 683.42 ae ies 12 
13 === SUD eee tad we 683.80 685.24 685.38 684.52 G83. 5'2 ——— S22 ti 
14 th Pasi ae pe eines 683.89 685)..311 685.25 684.62A 683.59 el a 14 
15 See aie ies ie == 684.19 685.39 685.48 as 683.23 Sis = 15 
16 = es —— == ——— 684.46 685.60 68se39 684.36A 682.57 ea tS 16 
17 SS ae = a SS 684.57 685.89 685.43 683.62 682.35 SSS SSS 17 
18 =a ia aS SS SD 684.45 686.05 685.34 684.12 682.43 aac rg 18 
19 SS ies Sta a aia 684.39 686.08 G8Sie23 684.32 682,65 a IS 19 
20 Tis oe SSS oes See 684.31 686.23 6852 19 684.15 682.88 ta = 20 
21 eeieui=e os === === 683.90A 684.45 686.24 685.27 683.87 682.63 ene KS 21 
22 io coe Se nce 684.05 684.64 686.21 685.33 683.96 682.44 Se eS 2a 
23 = OS SS == at 684.03 684.76 686.41 685.16 684.02 682.47 parece ESS ZS 
24 ah i =e as 684.03 685.02 686.38 685.12 684.07 682.52 oe sia 24 
zZz5 —S ——— aS em a 684.11 685.05 686.17 685.03 684.26 682.87A ee as 25 
26 rare Simi = == 684.33 685.34 686.11 685.00 684.26 SSS eee Sees as 26 
20 sto oS =o ets 684.25 686.09 686.10 684.99 684.14 ao se cee 27 
28 Saas == =2.= a a ee 684.25 685.59 685.99 684.97 684.23 aaheatia! re a 28 
29 a SS aoe 684.10 685.23 685.91 684.88 683.98 =n satan se a 29 
30 ——— == ea 684.09 685.09 686.03 684.77 683.40 ES SS eas 30 
31 =-= a 684.04 685.89 684.75 ato aS 31 


A-MANUAL GAUGE 
TYPE OF GAUGE - RECORDING 
LOCATION - LAT 58 36 15 N E-ESTIMATED 
LONG 111 22 00 W . 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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DESCRIPTION OF HYDROMETRIC STATION hocwTseh fran 

Station Name Peace River at Peace Point - Station No. 07KC00] 

Latitude 59° 06' 50" N. Longitude 112° 25' 35" w. SE Sec 35Twp 116 Rge 1s wh 

Established June 1959 

Re-established 

Re-established 

Observer | 


Period of Observation Continuous June 1959 to present ny 


Location of Station One-half mile below Peace Point Park warder’ station on 
the left bank. 


a 
AJ 

x 
g 
9 
nr 


Description of Equipment Manual gauge 1959 to 1960; recording gauge with 
bubbler 1961 to present and sediment data collected 
1967 to present 


Remarks Regulated flow since 1968 


MAKICS STATION EaAQU)PPIENT 
SG Sit 62 falas stares 


Vise LIME 


iY ae jeaane (avenge “i g4 
BANK 


RAE ICY © 


PEACE RIVER AT PEACE POINT - STATION NO. 07KC001 
DAILY DISCHARGE IN CUBIC FEET PER SECOND FOR 1970 


DAY JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC DAY 
1 29300 B 25800 B 24800 B 28800 B 64200 B 101000 72600 45400 31600 30700 40200 22600 1 
2 29400 Bb 26000 B 25700 B 28900 B 65000 B 104000 71200 46500 32100 33000 40100 20800 2 
3 29500 B 26500 B 26500 B 29500 B 66300 B 106000 69600 47400 32800 33900 39900 20000 3 
q 29200 B 26900 B 26800 B 30400 B 70500 B- 107000 68400 51300 32900 33900 39300 19800 4 
5 28500 B 27000 B 26300 B 31700 B 76500 B 104000 70000 56500 32400 33400 38600 19400 5 
6 27700 B 26800 B 25900 B 33200 B 79300 101000 75800 59600 31800 34700 38200 19000 6 
7 26900 B 26200 B 26400 B 34200 B 76600 97300 83200 59200 31300 35400 37900 18900 7 
8 27100 B 26400 B 27100 B 34200 B 75500 102000 86500 56400 31100 35100 37700 19100 8 
2 288600 BK 26500 B 27400 B 34100 B 74600 118000 85600 52700 30900 34800 37200 19100 9 
10 30000 B 26700 B 27400 B 35200 B 75300 134000 82100 48600 31000 34600 37000 19200 10 
11 31100 B 26300 B 27200 B 37400 B 76400 138000 78200 45200 31200 35100 34600 19300 B VW 
12 32200 B 26000 B 26900 B 40000 B 77000 133000 75000 43500 31700 36300 31000 19700 B 12 
13 32100 B 25600 B 26800 B 42500 B 77100 125000 71500 42700 31300 37700 31600 19800 B 13 
14 31900 B 25200 B 26700 B 45200 B 76500 118000 67900 42000 30200 39100 35000 B 20100 B mn] 
15 31400 B 25000 B 26800 B 47400 B 75700 112000 65300 41400 29300 39900 36500 B 20500 B 15 
16 30800 B 25200 B 27100 B 50000 B 75200 106000 62800 40500 29500 39700 37800 B 21300 B 16 
17 30000 B 25900 B 27200 B 52800 B 77300 101000 60200 39300 30000 39200 38200 B 22800 B 17 
18 29500 B 26300 B 26800 B 55000 B 83000 94800 57100 38300 30200 38700 38000 B 24100 B 18 
19 28900 B 26900 B 26400 B $7300 B 87900 87200 53800 38500 30200 37500 36000 B 25300 B 19 
20 28600 B 27200 B 26300 B 59000 B 88100 81200 50800 38800 30500 37400 34200 B 26900 B 20 
21 28100 B 27600 B 26700 B 61000 B 86700 77500 49500 38900 30600 37800 32500 B 28000 B 21 
22 27800 B 27700 B 26900 B 61900 B 86800 76900 48900 39500 30200 37900 31000 B 29200 B 22 
23 27200 B 27700 B 27400 B 62500 B 94200 81100 48100 39100 29800 38100 29200 B 30200 B 23 
24 27000 B 26500 B 27700 B 63000 B 193000 84500 47400 37800 29400 37500 28100 B 30900 B 24 
25 26800 B 24900 B 27500 B 64000 B 106000 84900 47100 36700 30100 37000 27700 B 31200 B 25 
26 26300 B 23700 B 27700 B 63800 B 102000 83000 47100 36200 30100 36900 27800 B 31400 B 26 
27 25800 B 23700 B 27800 B 63600 B 98200 79600 46600 35800 29200 38100 28500 B 31300 B 27 
28 25600 B 24200 B 28400 B 63600 B 96800 76300 46500 34900 29200 39300 28900 B 31100 B 28 
29 25200 B 28900 B 63800 B 97600 75300 46500 33900 29700 39800 27500 B 30900 B 29) 
30 25300 B 29400 B 63900 B 99500 74700 46200 32900 29800 40300 25500 B 30400 B 30 
31 25500 B 29200 B 99900 45400 32100 40300 30100 B 31 
TOTAL 883500 730400 840100 1437900 2588700 2964300 1926900 1331600 920100 1143100 1025700 752400 TOTAL 
MEAN 28500 26100 27100 47900 83500 98800 62200 43000 30700 36900 34200 24300 MEAN 
AC-FT 1750000 1450000 1670000 2850000 5130000 5880000 3820000 2640000 1830000 2270000 2030000 1490000 AC SET, 
MAX 32200 27700 29400 64000 106000 138000 86500 59600 32900 40300 40200 31400 MAX 
MIN 25200 23700 24800 28800 64200 74700 45400 32100 29200 30700 25500 18900 MIN 
SUMMARY FOR THE YEAR 1970 
MEAN DISCHARGE, 45300 CFS 
TOTAL DISCHARGE, 32800000 AC-FT TYPE OF GAUGE - RECORDING B-ICE CONDITIONS 
MAXIMUM DAILY DISCHARGE, 138000 CFS ON JUN 11 LOCATION - LAT 59 06 50 N 
MINIMUM DAILY DISCHARGE, 18900 CFS ON DEC 7 LONG 112 25 35 W 


DRAINAGE AREA 113000 SQ MILES NATURAL FLOW 


PEACE RIVER AT PEACE POINT - STATION NO. 07KC001 
DAILY DISCHARGE IN CUBIC FEET PER SECOND FOR 1971 


DAY JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 29800 B 27700 B 37400 B 35300 B 148000 74100 136000 71000 44200 
2 29600 B 27900 B 37100 B 35100 B 139000 74900 171000 67600 42700 
3 29500 B 28100 B 37000 B 35000 B 125000 74100 187000 65400 42600 
4 29800 B 28400 B 36600 B 35000 B 117000 72100 181000 62700 41800 
5 30100 B 28600 B 36200 B 34900 B 114000 68700 164000 60700 40900 
6 31000 B 28800 B 35900 B 34900 B 112000 67200 146000 58600 39900 
7 31500 B 29000 B 35500 B 34800 B 108000 66900 129000 56000 39300 
8 31600 B 29600 B 35100 B 34800 B 101000 67900 115000 53800 39600 
9 31300 B 30300 B 34800 B 34800 B OS 100 70500 107000 52400 40400 
10 31000 B 31000 B 34500 B 34700 B 92300 74100 104000 51500 41300 
11 30800 B 31600 B 34600 B 34700 B 89200 77200 106000 50400 41500 
12 30700 B 32100 B 34800 B 34600 B 87800 79300 116000 49500 41600 
13 30600 B 32500 B 35100 B 34800 B 85400 81200 139000 49400 40500 
14 29600 B 32900 B 35300 B 35100 B 82600 92400 152000 47800 39900 
1S 29300 B 33000 B 35100 B 35500 B 81100 116000 167000 46800 41500 
16 29900 B 33100 B 34800 B 35900 B 77300 126000 240000 46200 43600 
17 30300 P 33200 B 34400 B 36200 B 73500 124000 276000 45800 45100 
18 30100 B 33300 B 34300 B 36500 B 72500 115000 264000 45800 44700 
19 29000 B 33400 B 34700 B 36800 B 77300 107000 233000 45900 45000 
20 26800 B 33600 B 35000 B 37000 B 85400 123000 202000 45900 46400 
ra 24800 B 33°00 B 35200 B 37300 B 89300 196000 177000 45400 47200 
22 24500 B 34500 B 35400 B 38100 B 83600 237000 155000 44400 47900 
23 249800 B 35000 B 35600 B 38600 B 78900 229000 137000 43500 48700 
24 25300 B 35700 B 35900 B 45000 B 72800 202000 121000 43100 47900 
25 25600 B 36300 B 36000 B 63600 B 68300 176000 107000 43900 46300 
26 25900 B 36800 B 36100 B 83000 B 65800 154000 97700 44900 45100 
id, 26100 B 37000 B 36200 B 130000 B 64900 138000 91000 45400 45300 
28 26400 B 37100 B 36100 B 166000 B 65400 123000 85400 45500 45900 
29 26700 B 35900 B 165000 B 67500 114000 81200 45700 46500 
30 26900 B 35600 B 157000 69700 115000 76600 45700 46600 
31 27200 B 35500 B 72300 74700 45300 
TOTAL 886500 904400 1101700 1630000 2763000 3435600 4538600 1566000 1309900 
MEAN 28600 32300 35500 54300 89100 115000 146000 50500 43700 
AC-FT 1760000 1790000 2190000 3230000 5480000 6810000 9000000 3110000 2600000 
MAX 31600 37100 37400 166000 148000 237000 276000 71000 48700 
MIN 24500 27700 34300 34600 64900 66900 74700 43100 39300 
SUMMARY POR THE YEAR 1971 
MEAN DISCHARGE, 59900 CFS 
TOTAL DISCHARGE, 43400000 AC-FT TYPE OF GAUGE - RECORDING 
MAXIMUM DAILY DISCHARGE, 276000 CFS ON JUL 17 LOCATION - LAT 59 06 50 N 
MINIMUM DATLY DISCHARGE, 22500 CFS ON DEC 25 LONG 112 25 35 W 


DRAINAGE AREA 113000 SQ MILES 
MAXIMUM INSTANTANEOUS DISCHARGE 
279000 CFS AT 1200 MST ON JUL 17 
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1635000 


52700 
3240000 
66300 
41300 


NOV DEC 
42100 B 39600 B 
41800 B 38500 B 
42700 B 36300 B 
41600 B 35500 B 
41200 B 35400 B 
39500 B 35200 B 
36000 B 34700 B 
36900 B 34000 B 
38200 B 32800 B 
39800 B 31600 B 
39200 B 31900 B 
38300 B 32100 B 
37400 B 31500 B 
36000 B 29800 B 
36300 B 29500 B 
37000 B 28100 B 
37400 B 27600 B 
37800 B 26900 B 
38000 B 26200 B 
37800 B 24200 B 
37700 B 24200 B 
37400 B 24100 B 
37300 B 22800 B 
37100 B 22600 B 
38500 B 22500 B 
39800 B 23800 B 
38800 B 25000 B 
38800 B 29800 B 
39800 B 31300 B 
39900 B 33200 B 

33800 B 
1160100 934500 
38700 30100 
2300000 1850000 
42700 39600 
36000 22500 
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DESCRIIFTION OF HYDROMETRIC STATION Loc ATs on PLAN 
Station Name Peace River at Sweetgrass Landing, station 07KCO04 

Latitude 58° 55' 41 N, Longitude 111° 55' oo" w, - Sec Twp 

Established 197) 

Re-established 

Re-established 


Observer 


Period of Observation 1971 to the present (seasonal) 


Locaticn of Station At Swanson's Sawml 11, Sweetgrass Landing, sixteen’ 


miles above Chena) des Quatre Fourches - Peace River 
confluence. IVER. eet 


= aah a S oP tite 
i WEET GAAS 
Description of Equipment Staff gauge . ee 


ene 
—, Sawn thh 


Remarks Stage type of record only 


Bed th MARKS STATIOM EFaujsPMeENT 


TBM 1 - Elevation 100.00 (Assumed) nail In yar 
diameter Birch tree 120 yards south of 
river 

TBM 2 - Elevation 96.37 (Assumed) nail in 10" 
diameter Poplar tree 45' east of TBM | 


PEACE RIVER AT SWEETGRASS LANDING - STATION NO. 07KCO04 
DAILY WATER LEVEL IN FEET FOR 1971 


DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC DAY 
1 --- --- --- --- --- 5.58 --- 5.40 --- --- --- --- 1 
2 --- --- --- --- 4.67 10.37 5.12 --- --- --- --- 2 
3 --- --- --- --- 4.70 11.47 =-- --- --- --- --- 3 
4 --- --- --- --- 4.73 Ween --- --- --- --- --- 4 
5 --- --- --- --- --- 4.47 10.99 --- --- --- --- --- 5 
6 --- -~- --- --- --- 4.33 9.87 --- --- --- --- --- 6 
7 --- --- --- --- --- 4.09 --- --- --- --- --- --- 7 
8 --- --- --- --- 4.25 --- --- --- --- --- --- 8 
9 --- --- --- --- 4.33 7.68 --- --- --- --- --- 9 
10 --- --- --- --- --- 4.45 733 --- --- --- --- --- 10 
1 --- --- --- --- --- 4.76 7.53 --- --- --- --- --- 11 
12 --- --- --- --- --- 5.02 7.45 --- --- --- --- --- 12 
13 --- --- --- --- --- 4.84 --- --- --- --- --- --- 13 
14 --- --- --- --- --- 5.35 9.65 --- --- --- --- --- 14 
15 --- --- --- --- --- 5.95 10.31 --- --- --- --- --- 15 
16 --- --- --- --- --- --- 13.93 --- --- --- --- --- 16 
17 — --- --- --- --- --- 14.61 --- --- --- --- --- 17 
18 --- --- --- --- --- 7.86 15.09 --- --- --- --- --- 18 
19 --- --- --- --- --- 7.18 13.89 --- --- --- --- --- 19 
20 --- --- --- --- --- 6.97 12.93 --- --- --- --- --- 20 
21 --- --- --- --- --- --- 11.97 --- --- --- --- --- 21 
22 --- --- --- --- --- --- 10.99 --- --- --- --- 22 
23 -~-- --- --- --- --- 13.39 10.35 --- --- --- 23 
24 --- ~-- --- --- --- 12.88 — --- --- --- --- 24 
25 === --- --- --- --- 11.58 --- --- --- --- --- --- 25 
26 =--- --- --- --- --- 11.38 7.63 --- --- --- --- --- 26 
27 --- --- --- --- --- 10.77 7.35 --- --- =-- 27 
28 --- --- --- --- --- 10.39 7.10 --- --- --- 28 
29 --- --- --- --- 9.77 6.74 --- --- --- --- 29 
30 --- --- --- --- --- 6.30 --- --- --- --- --- 30 
31 --- --- 4.49 5.62 --- --- --- 31 


TYPE OF GAUGE - MANUAL 
LOCATION - LAT $8 55 4 
LONG 111 55 0 


ou 
=z 


REGULATED SINCE 1967 
WATER LEVELS ARE REFERRED TO ASSUMED DATUM. 
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DESCRIPTION OF HYDROMETRIC STATION hoc ary oN PLAN 


Station Name Peace River at Carlson's Landing, station 07KC003 


Latitude 58° 58' 40''N, Longitude 111° 48 so" w, ~ Sec Twp Rge 

Established 197) 

Re-establishcda 

Re-established 

Observer < 
7 

Period of Observation 1971 to the present ( seasonal in 1971) : 


Location of Station On left bank, approximately ten miles above Chenal 
des Quatre Fourches - Peace River confluence Rem Cee Pe: } a 
S SeCAki sow 


Lao 


Description of Fquipment Staff gauge 


Staye-only type of record. 


Remarks 


STATION EFausl@ MENT 


Bed ch mMAakRKS 
& 
G - 
BM 1704 D - Elevation 734.23 Is tron pipe with % 
brass cap on north side of Peace N 2. 
River and about 98 feet north of a 
Forestry Cabin ers OF 
BM 1703 D ~ Elevation 737.77 Is east concrete Xe 
foundation wall of Forestry Cabin Bariz 
LAKE 
PEACE RIVER AT CARLSON LANDING - STATION NO. 07KC003 
DAILY WATER LEVEL IN FEET FOR 1971 
DAY JAN FEB MAR APR MAY JUN JUL AUG SEP ocr NOV DEC DAY 
1 --- --- --- --- --- --- --- --- --- --- --- <== 1 
2 <= --— --- es —-<-- -<-=— 4 —— -<-=- --— —--- —— 
4 --- --- --- --- --- --- --- --- --- --- --- =-= 4 
5 --- --- ~-- --- --- --- --- -~- --- --- --- --- 5 
C --- --- --- --- --- --- --- --- --- --- --- =-- 6 
? --- --- --- --- --- 684.95 --- nee --- --- --- --- 7 
8 --- --- --- --- --- 684.94 --- --- --- --- --- --- 8 
9 --- --- --- --- --- 684.96 --- --- --- --- --- --- 9 
10 --- --- --- --- --- 685.18 --- --- --- --- --- --- 10 
11 --- -- --- --- --- 685.44 --- --- --- --- --- --- 7h 
12 --- --- --- --- --- 685.69 --- --- --- --- --- --- 12 
1) --- --- --- --- --- 685.90 --- --- --- --- --- --- 13 
18 --- --- --- --- --- 685.96 --- --- --- --- nee --- 14 
15 --- --- --- --- --- 687.25 --- --- --- --- --- --- 15 
ae --- --- --- --- --- 688.80 --- nae --- --- --- --- 16 
--- --- --- --- --- 688.88 7-- --- --- --- --- --- 17 
8 --- --- --- --- --- 688.60 --- --- --- --- --- --- 18 
19 ~-- --- --- --- --- 687.95 --- --- --- --- --- --- 19 
20 --- --- --- --- --- 687.65 --- --- --- --- --- - - 20 
2 “oe — ——— ee ae = es pe aes ena ae aye 
22 sen ai Bon as pe ia a ec a ig ae eee 7 
2) = ees aeat <p ae == ss =e woe Ee Bee a 
Oa tee eae ae ae s eas th Sas STF Se 23 
af ae : - --- --- 24 
--- --- --- --- --- --- --- --- --- --- --- 25 
ei . --- --- --- --- --- --- --- --- --- --- --- 27 
8 me --- --- --- --- --- --- --- --- --- --- 29 
« --- --- --- --- --- --- --- --- --- --- 30 
--- --- 685.00 --- --- --- --- 31 


TYPE OF GAUGE - MANUAL 


LOCATION - LAT 


58 58 


LONG 111 48 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 


40 N 
50 WwW 


REGULATED SINCE 


1967 
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: ' Locarien PLan 
DESCRIPTION OF HYDROMETRIC STATION 


Station Name Prairie River at Fish Study Camp, station 07KFOI3 


Latitude 58° 37' 15""N. Longitude 111° 38' low. . Sec Twp Rge 


Established 1971 
Re-established 
Re-established 


Observer 


1971 to the present (seasonal in 1971) 


Period of Observation 


Location of Station On south bank approximately half way between Lake 
Claire and Mamawi Lake. 


Description of Equipment Steff gauge 


Remarks Stase-only type of record. 


STATIOA EFausPPeEnT 


Bedth MARKS 


Prairle River at Fish Study Camp - Station No. O7KFOI3 


Daily Water Level In Feet for Year 197) 


[css ye [me [oe [owe ]_sw [ou Pave [see “ocr | nov] pee 
=e See = = a eS SSeS ae eS SS ee ae ee 4 
; | | 2c00 | 2.78 | 
; bee? SOR me ere 72 | : 
2 | ' 2.78 | : 
4 e207 | 2.88 | 
= ae aac = 2.10 | 2.66 y i | | | 
4 2.19 Polls: | | 
g 2.25 2.63 | 
2.23 2.75 | | 
10 | 2.18 ! | 
font ~ aaa ae oY ‘ 5 ( | 
5 , 2.60 2.10 | = 
“ee i 2.10 2.25 | 
= Fil | 2.33 
+ | > 1.50 2.31 
| i 2.47 ; 
17 | | | 
18 270 
19 | 2.80 | | 
- | -- ? (2.85 | | 
22 | | | 
. | | | 
SG ae eaee | | | 
4 2.90 f 
: : eng 
29 | \ 2.85 : ! 
2.00 2.85 
“ | 2.03 2.93 | 
a, 2.80 = 
“ean qi “<1. nga irc; mane ee a 
ax ; | | 
in ; 
eee Sm a Oe ! 
Pr) oan a RE ENO a Se 
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Loc AT 7 0N FLAN 


DESCRIPTION OF HYDROMETRIC STATION 

Station Name Prairte River near outlet Lake Claire, station O7KFOI4 

Latitude 58° 37' 25''N, Longitude 111° 4o! 50'' w. + Sec Twp Rge 

Established 1971 

Re-established 

Re-established 

Observer 

Period of Observation 1971 to the present (seasonal in 1971). Sediment 
data also collected In 1971. 


Location of Station Measurement section - located on Pralrie River 
approximately 3/4 mile east of Lake Claire. 


Description of Equipment Used as measuring section only 


Remarks Miscellaneous discharge measurements taken at this site. 


Bew cr MAKIKS STATION EQUIP PpIENT 


Summary of Discharge Measurements 


WE. 


—— 


Mean Mean 
Date Velocity Gauge Discharge 
Height 
fps ee ts 


Cc 
jul 29 | v.k2 
pug 4 | 0.97 


Aug 9 
eueem, 

Aug 19 
Aug 24 


Aug 3] 


Sep 20 Val? 2,580 


@ Flow was toward Lake Claire 


LoeaTi ea PLA 


DESCRIPTION OF HYDROMLTRIC STATION 
Station Name Revillon Coupe below confluence Riviere des Rochers, station 07NA004 
Latitude 58° Si' 10" nN. Longitude 111° 16" 10" wo. ~Sec Twp Rge 
Established 1971 
Re-established 
Re-established 
Observer = 
Period of Observation 1970 to the present (seasonal) water sediment data 

also collected in 1971. | 


Location of Station Measuring section-located approximately one-quarter mile 
below confluence with Riviere des Rochers. 


Description of Equipment Staff gauge in 1970. 


Remarks Stage-discharge relationship by staff gauge at Riviere des Rochers a ae 


above confluence Revillon Coupe. i 


Betch masaKks STATION Eauif WENT . 


BM 'P' = Elevation 692.49 Is twisted tron bar in 
concrete south of yellow blazed tree } 
about 35' from left bank. " 


Revillon Coupe Below Confluence Riviere des Rochers - Station No. Q7NAOO04 


Dally Water Levels In Feet for Year 1970 


ions 


a en oe oll ll od 
DUSWNKF'OWODYNS 


683.19 


682.81 
683.18 


684.47 
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Revillon Coupe below confluence Riviere des Rochers - 
Station O7NA004 


Summary of Discharge Measurements 


Mean Mean Mean 

Date Velocity Gauge Velocity Gauge Discharge 
Height Height 

ft ft cfs 
Jun 27 3.40 1,280 
uals caine Oy 
Jul 14 590 
Jul 16 1.470 
Jul 18 5.68 8,540 @ 
Jul 20 7,090 ® 
jul 27 4.78 1,420 @ 
Tost per 
Oct 31 4,750 @ 
Binal 2,330¢ 
990 @ 
1,240 @ 
seek aie 3,200 ® 
Rock #58 8,130 ¢ 
— PR Aap oe 5,130 64 
[1 6.18 Sn sies 
ees Dee | 6.11 | 3,060 
£ Fear See fice 2,800 
ae 5,600 
Fe a 3,870 
| 3,210 
ne RY [Ee Sos at 4710 


® Flow was southward toward 2.63 1,560 


Riviere des Rochers 
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DESCRIPTION OF HYDROMETRIC STATION Loc arson PLAN 


Station Name Reyillon Coupe at Ranger's Cabin, station O7NA0OS 


Latitude 58° 53' so''n, Longitude 111° 24" ool w, -» Sec Twp ‘Rge 


Established 197) 
Re-established 
~ Re-established 


Observer 


Period of Observation 1970 to present (seasonal) 


Location of Station On South Bank, approximately seven miles below confluence 
with Riviere des Rochers 


Description of Equipment Staff gauge 


Remarks Stage-only type of record 


Benth mAKKS STATION Eaujsl PENT 


BM'Q' - Elevation 695.46 is brass plug (Topographic 
Survey of Canada) In rock outcrop on left 
bank. 


Revillon Coupe at Ranger's Cabin - Station No. 07NA005 


Dally Water Levels In Feet for Year 19/70 


1 682.89 681.70 680 
2 682.52 681.79 681 
3 682.35 681.81 681 
4 |. | 682.36 | 681.92 680. 
B. }s, 682.14 | 682.10 680. 
os: as | 682.29 681.99 680. 
7 682.30 682.45 
i | 682.29 682.05 
9 | 682.76 680.89 
| i 683.32 680.30 
ak ae | 683.43 682.95 680.84 
| | | 683.16 682.52 681.35 
| E 683 .36 682.56 681.69 
: | 683.28 682.62 681.54 | 
s aa 683.12 682.52 681.43 | 
682.86 682.60 681.15 1 
682.99 682.96 681.29 | 
682.62 | 682.60 680.71 — | 
682.66 | 682.30 681.12 
See 682.68 | 682,24 680.98 | 
682.82 682.25 681.34 
| 682.88 681.85 680.99 
683.12 681.70 680.90 
| ( 682.78 682.42 680.75 
i | 682.58 | 682.12 681.24 
; 682.58 | 682.00 681.39 
| ' 683.35 681 .88 680.93 
| 683.39 681.95 680.89 
| 683.66 682.20 680.83 
j 683.11 681.75 680.47 
i 680.77 680.33 
: 682.29 681.26 
682.96 | 682.45 
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REVILLON COUPE AT RANGER'S CABIN - STATION NO. 07NA005 


DAILY WATER LEVEL IN FEET FOR 1971 


DAY 


DEC 


NOV 


oct 


SEP 


AUG 


JUL 


JUN 


MAY 


APR 


MAR 


PEB 


JAN 


DAY 


684.57 
684.35 
684.18 


KnNmMay 


KFNmMIH 


Or Ono 


683.75 


685.64 


685.28 682.32 
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LJ sh a) 
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nwnwrrs 
Dwmwwowma 
Wwwwwy 
Cet 
Lie seal Be] 
Ts fee 
mo 
Prror 
ot es 
pr inn 
@ oO 
ww 
Lt 
Le te | 
Lea ate 
Pe is Ie 
PeCU st ears 
[Few D> othe aL! 
yo 
tt 
sh | 
[JU N's | Lig) Ul 
UU Se Dy 
eset tia: J 
—SODNnO- 
NANA 


LAT 


TYFE OF GAUGE 


LOCATION - 


REGULATED SINCE 1967 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM 
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LocarreN PLAN 
DESCRIPTION OF HYDROMLTRIC STATION 


Station Name Revillon Coupe above Peace confluence, station 07NA006 


Latitude 58° 55' so".N, Longitude 141° 32' 4o'w, - Sec Twp Rge 


Established 197] 
Re-established 
Re-established 


SS 


Observer 


Period of Observation 1970 to present (seasonal) 


Location of Station On North Bank approximately one mile above confluence with 
Peace River, Just above island at the River Forks. 


Description of Equipment Staff Gauge 


Remarks 


Gaew tu PARKS STATIOH ERaRuUsPrpiENT 


BH'R' = Elevation 702.82 is twisted Iron bar In 
concrete near yellow blazed tree about 
10' from 1970 right bank 


Revillon Coupe above Peace Confluence - Station No. 07NA006 


Daily Water Level in Feet - for the Yr. 1970 


MAY JUN | JUL | AUG SEP ocr | NOV DEC! 


i | | 680.50 | 
2 682.12 680.73 | 
3 j 681.84 | 680.92 
p 4 681.80 | 680.92 
|—5 681.61 681.17 7 
A 6 681.77; 681.22 
7 682.03 | 
8 681.75 | 681.37 
9 
_10 | 682.79 | 679.99 
“ | 682.69 
13 | | oy 
14 | 680.47 
P is 681.87 | ina 
os 681.98 | 680.27 
18 681.92 | | 
| 5 re | 679.52 | ! 
p20: | Oe 
om \ : 680.17 
= 680.91 ' 679.67 | 
44 682.53 681.16 | 679.67 | | 
26 
682. 680 
26 aS 3 | een | | 
°28 | 
| 29 683.11 681.06 | | | 
1 
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WATER LEVELS ARE 


REVILLON COUPE ABOVE PEACE CONFLUENCE - STATION NO. 


DAILY WATER LEVEL IN FEET FOR 1971 


SE “=< 682.21 


JUN 


683.84 


687.50 


JUL 


AUG 


TYPE OF GAUGE - MANUAL 


LOCATION - LAT 


REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 


58 55 5 


LONG 111 32 4 


07NA006 


SEP 


REGULATED 


o 
wa 
a 
i=] 
> 
< 


i] t) ' 
' i) ' 
‘ t) ' 
ay 
SCVOeyrn Vswna= 


SOVOOrtHD YVeune 


i] 

1 

i) 
NNNNND New ow a 
VFWN 


SINCE 1967 


DESCRIPTION OF HYDROMETRIC STATION 


Station Name Richardson Lake at the Outlet - Station No, 0700008 


Latitude 58° 23' 5SS5'N Longitude 110° 58' 20'wW - Sec Twp 


Established 197] 
Re-established 
Re-established 


Observer 


Period of Observation 197! to present 


Twenty-two and one'half miles south, 10° east of Fort 


Chipewyan. Two and one'half miles upstream from Jackfish 
Creek confluence with the Athabasca River. Located on 
the West side of the West channel of Jackfish Creek. 


Description of Equipment 
F-type recorder activated by A float. 


Location of Station 


Remarks This station operated for the Peace-Athabasca Delta Study 


STATION EQUIP PIENS 


DIM ure 


hoc arson 


se 
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RICHARDSON LAKE AT THE OUTLET - STATION NO. 07DD008 
DAILY WATER LEVEL IN FEET FOR 1971 
DAY JAN FEB MAR APR MAY JUN JUL AUG SEP oct NOV DEC DAY 


225 —— —— --- --- 37 --- = Siete --- ——— == 
—_ === --- --- --- 46 --- === --- --- a — 
_— =-- --- --- --- 62 --- --- 3.05A --- --- = 
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26 --- --- --- --- 64 --- --- --- 5 --- --- --- 

53 --- --- --- 90 --- --- --- 
28 --- --- --- --- 39 --- --- --- 80 --- --- --- 
29 --- --- --- 38 --- --- --- 76A --- --- --- 
30 --- --- --- 36 --- --- --- -- --- --- --- 
31 --- --- 29 --- --- --- --- 


A-MANUAL GAUGE 


TYPE OF GAUGE - RECORDING 
LOCATION - LAT 58 23 55 N 
LONG 110 58 20 W 


WATER LEVELS ARE REFERRED TO ASSUME) DATUM. 


Richardson Lake at the Outlet - Station No. 0700008 


Dally Elevations in Feet for the Year 1972 


gan | JUN 
| 
! 


n 
wo 
o 
- 
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wo 
nN 
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DESCRIPTION OF HYDROMNTRIC STATION 

Station Name Riviere des Rochers above Peace-Slave confluence - Station 07NA00} 
Latitude 58° 59' 40" N. Longitude re 24' lo"W. . Sec Twp Rge 
Established 1960 

Re-established 1970 

Re-cstablished 1971 

Observer 

Period of Observation 1970 to present (seasonal) 

Location of Station On the southwest bank of the Riviere des Rochers 


approximately 1,000 ft. above its confluence with the 
Peace River. 


Description of Equipment A-35 Recorder activated by a float; 8 ft. staff gauge. 
Remarks This statlon is operated for the Peace-Athabasca Delta Study. 


BENCH MARKS STATION EaQuiPpteENrT 


CALIFONIA SHELTER 
A35 Recoeoee 


18°¢ Curveer 
i) Sréan Prise 
STAFF GALE . 
Fioar 


BIPM - Elevation 688.15 Is a yellow X palnted 
on rock at the base of a bent 1|'' diameter 
Iron bar In outcrop In Riviere des Rochers 
Just above Peace-Slave confluence. 


BONA en Se Ae” ms 
EL, TIAN TF 7-7-7 Io ; 
Rivlere des Rochers above Peace-Slave confluence - Station 07NA00O! 


Dally Elevations in Feet for the Year 1970 


1 
2 
3 
4 
AEM 2258 LD eee ee zeal fee 
6 
7 
8 
9 
LO AS Cee Sees ene - | ee eee ere ee |e eh wo. 
1l 682.78 7 
12 682.45 
13 682.64 
14 682.48 
15 | a - & ve 682.30 
16 681.88 
17 682.08 
18 681.80 
19 681.39 
20 Lat, Wes 2 oe et se AMS ee Sed os 681.30 
21 681.26 
22 681.44 
23 681.50 
24 681.37 
PAG lie eee 2 “Ay exteed i Fee eer Ps. 
26 681.02 
27 681.36 
28 682.14 
29 | 
30 
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RIVIERE DES ROCHERS ABOVE PEACE-SLAVE CONFLUENCE - STATION NO. 07NAO001 
DAILY WATER LEVEL IN FEET FOR 1971 


ane JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC DAY 
' --- --- --- --- --- --- --- 682.72 680.04 678.66 --- --- 1 
3 --- --- a= --- --- --- --- 682.50 680.52 678.68 = --- 2 
; --- --- --- --- --- --- --- 682.24 680.25 678.78 --- --- 3 
: <= --- --- --- --- --- --- 682.06 679.63 678.96 --- --- q 
5 --- --- --- --- --- --- --- 682.04 679.49 679.02 =<- --- 5 
¢ — --- --- --- 682.28A --- --- 681.83 679.21 679.18 --- --- 6 
; --- --- --- --- --- --- --- 681.72 678.99 678.67 --- --- 7 
8 --- --- == --- --- --- --- 681.46 678.87 678.89 --- --- 8 
9 --- ~-- --- -=- --- --- --- 681.15 678.91 678.68 --- --- 9 
+ --- --- --- --- --- --- --- 681.07 679.00 678.60 --- --- 10 
= === --- --- --- --- 677.56A --- 681.00 679.18 678.98 --- --- 1 
12 --- --- See =-- --- --- --- 680.93 678.81 678.95 --- --- 12 
3 --- --- —— ~—— == --- 683.88A 680.55 678.48 679.71 --- --- 13 
18 --- --~- —— = ts --- --- --- 680.64 678.38 679.87 --- --- 14 
15 --- --- =—— --- --- --- --- 681.08 679.03 679.81 --- --- 15 
16 --~ --- eae te --- --- --- 680.80 679.14 679.48 --- --- 16 
7 --- --- === --- ~~= 679.48A 686.14A 680.61 678.80 679.23 --- --- 17 
18 --- --- —- -F- =< --- 686.31 680.51 678.92 679.02 --- --- 18 
19 --- --- te <= --- --- 686.20 660.46 679.01 678.82 --- --- 19 
20 --- --- me ae === --- 686.09 680.54 679.19 678.76 --- --- 20 
21 --- --- ==~ ~>= -<- --- 685.80 680.57 679.11 678.50 === --- 21 
22 --- --- aed -=- == --- 685.47 680.31 679.26 678.51 -+- --- 22 
23 --- === 73 = io —— --- 685.48 679.91 679.43 678.38 === === 23 
28 --- —<- =< SV --- --- 684.74 679.84 679.83 678.39 === ==- 24 
25 --- -~= Se =a =< --- 684.24 679.87 680.13 677.89 --- --- 25 
26 --- --- == = --- --- 684.04 679.78 679.78 677.87 =< === 26 
27 --- --- = a == --- 683.89 679.91 679.10 678.46A --- --- 27 
28 --- as ae ees 4c --- 683.51 680.03 678.55 --- === --- 28 
29 --- --- --- 680.81A --- 683.19 679.92 678.46 --- --- --- 29 
30 --- eos oo coe --- 682.95 679.87 678.59 --- --- == 30 
1 --- a aa 682.78 679.92 --- --- 31 
A-MANUAL GAUGE 
TYPE OF GAUGE - RECORDING 
LOCATION - LAT 58 59 40 N 
LONG 111 24 10 W REGULATED SINCE 1967 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 


Riviere des Rochers above Peace-Slave confluence - Station 07NA001 


Dally Elevations in Feet for the Year 1972 


687.70 
687.70 
687.54 
687.32 
687.14 
686.93 
686.73 
686.48 
686.50 
686.84 
686.17 
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Location PLan 


DESCRIPTION OF HYDROMETRIC STATION 

Station Name Riviere des Rochers at Ben Houle's Cabin, station 07NA002 
Latitude 58° 49' lo" N. Longitude 111° 16' 30"w, + Sec Twp Rge 
Established 1960 

Re-established 


Re-established 


Observer 


Period of Observation 1960, 1970 to present 


Location of Station On right bank, approximately twelve miles by boat from 
Fort Chipewyan, up the Riviere des Rochers. 


Description of Equipment Staff gauge 
Remarks Discharge measurement site. Most 1970 measurements were taken near 
the confluence of Revillon Coupe. Sediment data collected in 197). 


Bench MARKS s7TArTrlent EausP ENT 


LBA 
oe eh 
Rivets eI 
OES < i 
FA cewshs ede, ; L eat 75M 
hj? * .qerHe 
soy wet “BAS 
O°" GAuGk ci 
! 
ue ijt 
I 4 
4 Pala 
Riviere des Rochers at Ben Houle's Cabin - Station O7NA002 


Dally Elevations In Feet for the Year 197) 


l | : 
2 685.05 | | 
3 685.24 
4 | | | | 
5 685.37 | 685.38 
6 684.89 l 
7 685.33 684.98 
8 682.66 681.99 
9 684.94 684.76 | 682.53 
i 
684.77 | | ae 
684.52 684.67 | 
684.03 | 
685.20 ; 
685.84 | 682.15 
| 686.22 684.84 | 
684.43 681.93 | 
684.44 | 
686.70 
684.60 
686.61 682.61 | 
' 
| 
| 
; 
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Riviere des Rochers at Ben Houle's Cabin - Station O7NA002 


Summary of Discharge Measurements 


1971 
Mean Mean Mean 
Date Velocity Gauge Discharge Date Velocity 


Height 


S 
Q 
KOON 


Aer aes jae lise 
fet WSs © 
ao jw To 
Goes ; 


68 ,200 
76,900 


58,000 


| 

ee eee|| 
H 
| 


| 
6.44 49,500 

eee oh 

: 


| 
Il 

| 58,300 | 

il 

Il 

| 

| eis} Sis, wash al lh 


jut 21_| 1.36 us| ut.200 | 


Discharge 


cfs 


90,300 


85,500 
91,500 
84,900 
85 , 300 
88 , 800 
90,500 
83,700 


74,500 


ee er nes we fe ey ~~ 


29,200 
58 , 800 


ooo 


4 ) . fon ha 
ee poo9 82,900 - @ Flow was southward toward Lake Athabasca 
Jur 30 | 2.48 77,,koo 
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Riviere des Rochers at Ben Houle's Cabin - Station O0/NA002 


Summary of Discharge Measurements 


1970 1972 

coh Mean Mean | Mean 
Date Velocity Gauge Discharge Velocity Gauge Discharge 

Height at Height 

fps it cfs fps tat cts 
jun 12 | 1.22 Pinks ee 
jun 14 | 1.65 a ee ee ato 
Jun 22 Has b72 tml site [ara B10 
jul 9 ae al a a Pe 
Jul 14 Mar 24 ee ale 113200 
hi 6 Fn De a 
Jul 18 | Apr 2 — 11,900 
Mreoe Apr 21 14,600 
Nov | 


ae aS ea 


Hit 
I 
Ty 

lI} 
AU 


a ee a en eee Ee eee ee eS 
, | 
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£ 
DESCRIPTION OF HYDROMETRIC STATION cc AT) oN PLAWM 


Station Name Riviere des Rochers above confluence Revillon Coupe, station 07NA003 
Latitude 58° 50' 30"'N. Longitude 111° 16' oo w, - Sec Twp Rge 
Established 197) 

Re-establishcd 

Re-established 

Observer 

Period of Observation 1971 to present (seasonal operation) 

Location of Station On left bank, approximately five hundred feet above the 


confluence with Revillon Coupe. 


Description of Equipment Staff Gauge 


Remarks Stage-only type of record. 
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STATION Eauki PhP nWEnT 


Kivitec 


Bak’ brake Gaver 


BA. ELEY 692.19 "9 
Twigr 0 IRew BAL 
Couehi TC WAIST @ Yel OW 
BidAz2¢o rhek ABowsr Jo 
Famer itTo Bush 


RIVIERE DES ROCHERS ABOVE CONFLUENCE REVILLON COUPE - STATION NO. 07NA003 


DAILY WATER LEVEL IN FEET FOR 1971 


DAY JAN FEB MAR APR MAY JUN JUL AUG SEP oct NOV DEC DAY 
1 = --- --- --- --- 682.70 --- --- --- --- --- --- 1 
2 = --- --- --- --- 682.82 684.58 --- --- --- --- --- 2 
3 --- --- --- --- --- 682.97 --- ---- --- --- --- --- 3 
4 --- --- == SSS aia =e Se Sas =S5 --- --- ~-- q 
5 ~~~ --- --- --- --- --- 685.02 --- --- --- --- --- 5 
6 --- --- --- --- --- --- ~-- 684.50 --- --- --- --- 6 
7 --- --- --- --- --- --- 685.02 684.56 --- --- --- --- 7 
8 --- --- --- --- --- --- --- --- 682.52 681.66 --- --- 8 
9 --- --- -~- --- --- --- 684.52 684.38 682.17 --- --- --- 9 

10 --- --- --- --- --- --- --- --- --- --- --- --- 10 

11 --- --- --- --- --- --- --- 684.32 --- --- --- --- WW 

12 --- --- --- --- --- --- 684.21 --- --- --- --- --- 12 

13 --- --- --- --- --- 684.33 684.35 --- --- --- --- --- 13 

14 ~-- ~~~ --- --- --- --- 684.76 --- --- --- --- --- 10 

15 --- --- --- --- --- --- --- --- --- 681.94 --- --- 15 

16 --- --- --- --- --- 684.09 685.96 684.22 --- --- --- --- 16 

17 -~- --- --- --- --- 683.52 --- --- --- --- --- --- 17 

18 --- --- --- --~ --- --- --- --- --- --- --- --- 18 

19 --- --- --- --- --- --- 685.98 --- --- --- --- --- 19 

20 --- --- --- --- --- --- --- 684.38 --- --~ --- --- 20 

21 --- --- -~-- --- --- 684.29 686.54 --- 682.26 --- --- --- 21 

22 --- -~- --- --- --- 684.99 685.51 --- --- --- --- --- 22 

23 --- --- --- --- --- --- --- 682.15 ~-- --- --- --- 23 

24 ~-- --- --- --- --- 685.12 --- 683.37 --- --- --- --- 24 

25 --- --- --- --- --- --- --- — --- --- --- --- 25 

26 --- --- ~-- --- --- --- 685.51 683.12 --- --- --- --- 26 

27 --- --- --- --- 682.92 --- — 684.36 --- --- --- --- 27 

28 --- --- --- --- --- 684.07 685.44 --- --- --- --- --- 28 

29 --- --- --- 683.15 --- ~-- --- --- --- --- --- 29 

30 --- --- --- 683.04 684.10 684.93 --- 681.43 --- --- --- 30 

31 --- --- --- 685.05 683.56 --- --- 31 

TYPE OF GAUGE - MANUAL 
LOCATION - LAT 58 50 30 N 
LONG 111 16 00 W REGULATED SINCE 1967 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 
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hocatseN Prin 
DESCRIPTION OF HYDROMETRIC STATION 


Station Name Riviere des Rochers east of Little Rapids statlon O07NAO007 

Latitude 58° $4' 55''N. Longitude 111° 10' 30" Ww. ~ Sec Twp Rge 

Established 1960 

Re-established 1970 

Re-established 

Observer 

Period of Observation 1960, 1970 to present (seasonal operations) 

Location of Station On right bank, approximately nineteen miles by boat from 
Fort Chipewyan up the Riviere des Rochers. Located 


LOO feet up small channel. 


Description of Equipment Staff gauge 


RemarkS — Stage-only type of record. 


Bench MAKICS STATION ERQUsPPIENT = 
RecHeks z 
7 i 
ae 54 ANO e3 wu 
¢ 
at ; a 
ate ; ‘tg 
ac open 
yates 
BM's located just above Rochers Rapids at tip of © 
Island. 
S1BM 1 Elevation 693.40' ts standard iron bench 
: mark. 
SIBM 2 Elevation 692.60' Is standard iron bench 
mark. 
SIBM 3 Elevation 692.27' (Revised 1970) is 
standard tron bench mark. 
Rivlere des Rochers east of Little Rapids - Station 07NA007 
Dally Elevations In Feet for the Year 1970 
JUN JUL | AUG | SEP OcT NOV iz DEC +) 
1 681.99 | 
2 682.95 682.11 | 
3 682.58 | 682.31 | 
a 682.66 | 682.36 | | 
*5 682.3) | 682.46 ee | 
6 682.69 | 682.21 | | | 
7 682.19 | | 
8 681.19 682.06 | | : 
9 | | ! | 
680.86 | | 
\ aia 
681.71 | | 
| 
682.06 : | 
681.56 | | : 
| 680.24 | 
681.11 | 
679.92 | 
681.11 | 679.84 | 
681.11 | ! 
| | 
681.26 | 
681.59 | | | H 
j 1 | ! 
681.48 | | 
{ 


— 
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CwWUONN VEUWN= 


WUNNNN NNNNN Nowe ww 


=OwWOOYHM YVWEUNo= 


RIVIERE 


DES ROCHERS EAST OF LITTLE 


DAILY WATER 


MAY 


JUN 


684.72 


RAPIDS - 
LEVEL IN PEET FOR 1971 


JUL 


AUG 


684.11 
684.13 
684.09 
683.87 


683.69 


683.67 
683.60 


683.88 


682.69 
682.85 


TYPE OF GAUGE - MANUA 


LOCATION - 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 


LAT 


L 
58 54 
LONG 111 10 


STATION NO. 


07NA007 


o 
> 
< 


ee 
SCWOBND VBPWN COWM YHA WEWN— 


NRNRNH Naw oom 
Sune 


REGULATED SINCE 1967 


Rocwees eyoe es S97 55 


Kwee ~~ 


! 
| | 
OWDYWHNHUNLSWN- ! 
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Locaryon PLAN 


DESCRIPTION OF HYDROMETRIC STATION 


Station Name Riviere des Rochers West of Little Rapids, station 07NA008 


Latitude 58° 55' 35''N. Longitude 111° j2' 15" Ww, - Sec Twp Rge 
Established 1960 

Re-established 1970 

Re-established 

Observer 

Period of Observation 1960, 1970 to present (seasonal operations) 

Location of Station On right bank, approximately twenty miles from Fort 


Chipewyan up the Riviere des Rochers. 


Description of Equipment Staff gauge 


Remarks Stage-only type of record 


Bet cH MARKS STATION 


Loach 
ocx Our Chor 
,#3EL. 708.00 


REviLngN 
Ps 


FLEV. 69/ 44° - kavseo i970 ae 


ae or «@) 


Srase Cree 


Riviere des Rochers West of Little Rapids, Statlon O7NA008 
Dally Elevations In Feet for the Year 1970 


MAR APR MAY JUN JUL AUG SEP ocr NOV DEC 

679.73 

681.65 679.98 

681.33 680.18 

681.27 680.25 

681.01 680.48 | = 

681.25 680.51 

681.18 

680.67 680.58 


a | 679.20 
| 683.07 
| 682.66 679.48 
682.98 
| 682.90 679.73 
682.71 
682.30 679.28 
682.51 | 678.19 
682.21 678.68 | 
681.87 677.98 | 
as 681.79 678.88 | 677.96 
681.87 
682.08 678.93 | | 
682.14 
681.79 678.93 
679.10 | 
681.54 
681.93 678.97 
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RIVIERE DES ROCHERS WEST OF LITTLE RAPIDS - STATION 
DAILY WATER LEVEL IN FEET FOR 1971 
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26 --- --- --- --- --- 
27 --- --- --- --~- --- 
28 --- --- --- --- --- 
29 --- --- --- 681.47 
30 --- --- --- --- 
31 --- --- --- 


JUN JUL AUG 


=== =a 682.69 
sae eae 682.63 


== arn 682.02 


681.35 pete Som 


= 683.27 682.02 
683.96 =< 
684.28 a 


--- --- 681.95 


682.90 S35 Sa 


--- --- 681.69 
--- 685.93 --- 
--- --- 681.94 


--- --- 680.99 
--- --- 680.92 


--- --- 681.00 


683.57 ES 


TYPE OF GAUGE - MANUAL 
LOCATION - LAT 58 55 3 
21 


5 N 
LONG 111 1 sw 


WATER LEVELS ARE REFERRED TO GEODETIC SURVEY OF CANADA DATUM. 


NO. 07NA0086 
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679.40 
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679.94 


NOV 


REGULATED SINCE 


DEC 
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THE QUATRE FOURCHES IMPOUNDMENT 
INTRODUCTION 


By the fall of 1971, an initial assessment of the changing conditions in 
the Delta had made it clear that immediate action was necessary to halt 
the progress of ecological succession that had commenced during the pre- 
vious four summers of low water. The Quatre Fourches Dam was adopted as 
a temporary measure until a more permanent solution could be determined. 
The dam, consisting of a rockhill plug, was constructed at the outlet of 
Mamawi Lake (Figure 1), at a cost of $200,000. The purpose of this dam 
was to impound water from the Birch River basin to raise the water levels 
of Lakes Claire and Mamawi and of adjacent ponds and perched basins. The 
Peace River can overtop its banks and also flood the northern part of the 
Delta during high flood flows and ice jams in the spring. This, too, can 
help to improve the water levels of Lakes Claire and Mamawi and of the 
perched basins along the Peace. The success of the temporary dam, there- 
fore depended on the amount of runoff from the Birch River and the fre- 
quency with which the combination of high floods and ice jams might occur 


on the Peace River. 


Recognizing these considerations, a flexible approach was adopted in the 
design and construction of the Quatre Fourches Dam. In the fall of 197] 
the dam was completed to an elevation of 684 feet. At this height water 
could still flow in from Lake Athabasca, should high Lake levels occur. 

In the spring, the dam was completed to elevation of 688.5 and temporary 


arrangements were made for the passage of goldeye and other fish. 
EFFECTS OF THE 1972 SPRING FLOOD ON THE DELTA 


The spring of 1972 brought a substantial runoff in the Birch River which 


LI 


helped fill Lakes Claire and Mamawi to very acceptable levels of 688.5 feet. 


Also, fortuitous ice jams on the Peace River created high river levels that 
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caused a significant volume of water to overflow its banks into the Delta, 
filling all the perched basins north of Lake Claire and also raising the 
level of Baril Lake to 689 feet. The impoundment structure at Quatre 
Fourches held the inflowing water at the desired level and prevented the 


rapid recession of the lakes which otherwise would have occurred. 


Later, heavy early summer rainstorms in the Smoky River basin and in the 
headwaters of the Peace produced a flow that caused the Peace River to 
rise to approximately 689 feet at its confluence with the Riviere des 
Rochers. This moderately high river level, combined with a substantial 
inflow to Lake Athabasca from the Athabasca River, caused the Lake level 


to rise to elevation 688.5 feet in July. 


Through this combination of fortunate occurrences, water levels in Lake 
Athabasca and the Delta in 1972 approached the normal summer levels. These 
occurrences were rare events, however, and cannot be considered as typical 
conditions. The flood on the Smoky River, for instance, is estimated to 
happen an average of once in 500 years. Similarly, the appearance to two 
large ice jams on the Peace River is possibly a once-in-l0-year event. A 
large ice jam at the right point, lasting for several days, can trigger a 
reverse flow on the Quatre Fourches and Riviere des Rochers, resulting in 

a considerable diversion of water into Lake Athabasca and the Delta. While 
such unpredictable events cannot be relied upon in resolving low-water prob- 
lems, their possibility must be considered in any proposals for remedial 


works. 


These unusual floods and ice jams have provided a short but important breath- 
ing period in which to consider action and construct works to restore the 
water levels of Lake Athabasca. Although the urgency has been reduced to 
some degree, the necessity for remedial action is still the paramount consi- 


deration. 
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SUITABILITY AS A PERMANENT STRUCTURE 


The Quatre Fourches structure has provided an ideal interim approach to 
Flooding much of the Delta. But, because it controls water within the 
National Park, its suitability as a long-term solution should be assessed 
in terms of how close it comes to re-createing natural conditions. From 
this standpoint, it has several disadvantages. It is a barrier to fish 
migration between wintering sites and major Spawning lakes. Even with 

the installation of adequate fishways, changes in the natural flow patterns 
may affect fish movement. If possible, barriers across major fish migra- 


tion routes should be avoided. 


Furthermore, it would be extremely difficult to duplicate the timing and 
amplitude of the natural Delta water regime because only during infrequent 
periods would westward flow of water from Lake Athabasca occur. Claire 
and Mamawi Lakes would then have to rely almost entirely on the limited 
water supply from the Birch River, Mclvor River, and other minor tributa- 


ries. 


With this pattern of water flow, the chemical quality of the Delta waters 
would likely deteriorate because of the lack of flushing action that was 
provided under natural conditions from Lake Athabasca and the Peace River. 
Similarly, the inflow of detritus from the Peace River, Athabasca River and 
Lake Athabasca, plus their silt loads deposited in the Delta, would be 
greatly reduced. Over a long period of time, these would significantly 
change the composition of the microscopic flora and fauna of the major Del- 


ta lakes, and might affect the food chain of many vertebrates. 


In addition, the Quatre Fourches structure affects only 60% of the Delta. 


tt. would not alleviate low levels within the Chipewyan Indian Reserve or in 


remaining marshes outside the Park. 


Thus, the levels of Lake Athabasca are the key to the Delta water levels 


and their effect on ecology within the Delta. Only by controlling the levels 
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of Lake Athabasca is it possible to re-create natural flow patterns 


within the Delta. 


SUMMARY OF CONSTRUCTION 

This project of an end dumped rockfill dam was initiated on September 29, 
1971, with the instruction that National and Historic Parks Branch through 
the Western Regional Office and the assigned Area Engineer supervise the 
installation of the impoundment to ensure that there would be a minimum of 
environmental impairment to the park. The project was funded by the Depart- 


ment of the Environment with funds transferred to |.A.N.D. 


Visits were made to the site in company with the contractor; D. M. Hornby, 
P.A.D.P. Director and National Parks Personnel to determine the best 
locations for the work camp, contractor's facilities, location of rock 
excavation work and extent, environmental protection, contractor site 
limitations, access haul road location and related work. 

Barges having on board most of the material required for construction 
arrived on the site October 10, 1971, along with the contractor, legbktiete 
Contracting Ltd., who proceeded to unload the camp, fuel, equipment and 
explosives. The contractor's forces were oriented in the intervening week 
and work started with drilling operations in the quarry area on October 


153170 


Drilling, shattering and placement of rock proceeded quickly and 
efficiently on the access haul road from the quarry to the north channel 
bank and thereafter to the rock island. The first portion of the impound- 


ment from north bank to the rock island, approximately one-third of the weir 
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structure was completed by October 29, 1971. 


Work advanced rapidly forming the south arm of the dam across the channel 
from Rock Island to the south bank. Substantial completion of the whole 
operation was achieved on November 29, 1971. Culverts with flap gates 
were installed December 5 and December 6, and fish flume work was com- 
pleted December 7. Stockpiling of rock for Stage |! work was completed 


December 9, 1971. 
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CONSTRUCTION CHRONOLOGY 
Quarry 
- drilling procedure began on Friday, October 15, 1971. 
- site is procambrian rock outcropping and is control surveyed both 
ground and aerial. 
- the quarry was benched at the access haul road elevation approximately 


4-Q' above average ground terrain. 


This was done to: 

(a) to provide a solid foundation for future shattered rock excavation 
storage. (estimated at 12,968 cyds.) 

(b) to provide an access haul road without grades to dam-site area for 
haul purposes. 

(c) provide an area for environmental control for replacement of topsoil 


for re-growth of grass and willows, where the rock has been removed. 


- all shattering was well controlled, very minor overbreak, and minor rock 


spray conditions were evident. 


Access Haul Road 
From the Quarry site to north bank of the river channel; 
= Started 5:00 PAM. October 20,919 /u. 
- reached the north bank at 5:00 P.M., October 22, 1971 


- length of road to north bank 800 feet. 


Dam Connection at North Abutment 
= started /7307a.m., OCtoper 23.019/1 


= completed 5:00 p.m. October 23.1971 
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North Arm of the Dam 
=. started 5:00 p.m., October 23, 1971 
- completed to elevation 690 - 12 noon, October 29, 1971 


- removed to elevation 664 - December 7, 1971 


South Arm of the Dam 
- started 8:00 a.m., November 1, 1971 


- completed 5:00 p.m., November 12, 1971 


Dam Connection South Abutment 
- revised details received from design consultant, November 15, 1971 


- rock placement completed November 17, 1971 


ENVIRONMENTAL CONTROL 

- access roads to unload equipment, supplies and camp accommodation 

and access to explosive shed were cleaned up on an ‘on-going! basis during 
construction of the dam. Swamp willows are buried and topsoil was replaced 
where required for re-growth. Conditions well under control. 

- quarry site was chosen, and quarry face selected in such a manner as 

to be completely hidden by existing growth of grass and swamp willows in 
the area. 

- when project is completed, quarry face and access road to dam-site will 


by 98% obscured by old growth and areas are being propared now for re-growth. 
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FISH FLUME 


open flume to be constructed on immediate south side of Rock Island 


in conjunction with a 30" and 18'' culverts with flap gates on Lake 

Mamawi side. 

The culverts are intended to provide attraction water flow for the fish 
flume arrangement. 

all the fish flume and culvert work was installed on the rock shelf of 

Rock Island to provide as much protection as possible for the dam structure 
proper. All work was as per instructions in J. M. Millen's letter of 
October 15, 1971. 

these items have all been discussed with Messrs. Card, Townsend, 

Kooyman and Millen, who all have a direct interest in the eventual out- 


come and success of the fish control arrangements. 


“SUMMARY OF FINAL QUANTITIES 


A) Total calculated quanties of 


Rock excavation: 27,849 cyds. total 
Stage | 
Rock Stockpile: a) core materials 5,099 cyds. 
Stage I] 
b) shell materials 7,871 cyds. 


B) Rock excavation installed 
1) Impoundment weir up to 
elevation 684'0!'' 14,817 cyds. 
2) Access haul road 2,/2) Sys. 
C) Culverts installed 
one -- 18'' diameter x 74'0!' long with flap gate 


one -- 30'' diameter x 74'0"' long with flap gate 


SUMMARY OF MILESTONE DATES 


a) Camp setup -- October 10, 1971 


b) Construction work started -- October 15, 1971 


c) Contract Required completion date -- December 11, 1971 
d) Contract and force account completion date -- December 9, 1971 
e) Certificate of completion date (Rock Stage |) -- December 9, 1971 


f) Final day on site -- December 10, 1971. 


Ly 
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FINANCIAL 


All Funding under Financial Code 4-17-000-0000-000-00-1800 
Maximum Expendiutre - $200,000.00 

1. Main Contract for rock excavation and placing rock on the impoundment 
of the Chenal des Quatre Fourche River is for $96,000.00. 
Maximum rock excavation quantities permitted under this contract are 
30,000 cu. yrds. at $3.15 per cubic yard. 
In addition, this contract provides for the placing and distributing of 
top soil over disturbed areas in the amount of 1,000 cu. yd. at $1.50 
per cubic yard. 
Final rock excavation quantities certified to this contract are 


27,849 cu. yds. 


Final rock expenditure is 27,849 x $3.15 per cu. yd. $87,724.35 
Top soiling, if required, in spring of 1972 1,500.00 
Total expenditure under this contract $89,224.35 
Original Contract Amount 96,000.00 
Surplus available from funding 6,775.65 


If topsoiling is deleted from the contract then 


additional surplus of 1,500.00 
will be available 
Net surplus based on above description § 8,275.65 


Expenditures to January 31, 1972 on this contract $87,724.35 
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The use of Department of Public Works Services to supplement 
inspection and control of the contractor was undertaken with a 
certification of funds in the amount of $8,000.00 
Total expenditures on this commitment are not expected 
to exceed $7,000 | 7,000.00 
No billings have been received to January 31, 1972 
Expected surplus from this account $1,000.00 
A contract for survey and staking to indicate a ground elevation 
of 688'0"' for water supply level studies on Lakes Mamawi, Claire 
and Baril was awarded in the amount of $20,000.00. 
This contract is being field administered by. Peace-Athabasca Delta 
Project personnel and invoices to Western Regional Office are 
originating with and are counter signed by P.A.D.P. for payment. 
To date, payments have been initiated in the amount of $4,134.00 on 
this account. 
At this writing, it is difficult to estimate if there will be any 
change to the final contract amount of $20,000.00. 
As work proceeded on the rockfill impoundment construction, it became 
apparent that certain items of work were not covered by the excavation 
and placing of rock as in a contract described in Item 1 of this 
summary. It was necessary to employ a Ton chattoe to clear a Barge 
unloading site, provide men and equipment to unload the camp buildings 
and related equipment, set up the camp buildings in the allotted 
space, build and install a pontoon landing dock for aircraft in the 
river channel, provide and install boardwalks as required in the area, 
dig and maintain a settlement water well, anchor the camp buildings 
and hoard-in with plywood and insulation, supply and maintain fuel for 


heating, cooking and diesel fuel for the lighting plant, when the work 
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is completed to remove the camp buildings to a new location, and 

to clean up the construction site area restoring all damaged 
environmental conditions. 

In addition to the above, a contractor was required to provide services 
to administer to the cleanliness of the camp, water system, sewage 
system, and maintain heating and electrical systems; included also are 
the installation of culverts with flap gates and a fishway flume. 
Removal of ice from the river was accomplished by the use of explosives 
to permit the final placing of rock and rip-rap on the shell zone of 
the impoundment weir construction. It was found to be necessary to use 
explosive technique to consolidate dumped rock into the alluvium to 
obtain maximum density and achieve the design intent of the dam structure. 
All of these items and many other smaller ones were carried out ona 
force account basis, the total amount consolidated into a contract of 
$15,700.00. Payments have been made on this contract in the amount 

of $14,915.00. This contract will be fully paid to the authorized 
amount before March 31, 1972. 

5. The initial impoundment weir design required that the rockfill work be 
carried out in two stages. The first was to build a base containing a 
core and shell zone of sufficient size up to elevation 684'0'' to 
enable the structure to be raised at a later date to a higher elevation 
as water levels required. The second stage of adding rock to the now 
existing weir is to be carried out under instructions from the Peace- 
Athabasca Delta Project who are monitoring water levels in the area. 
The end result is to raise water levels from existing lows of 683'0"' to 
688'0'' or 690'0'' elevation. The necessary segregated rock has been 


prepared and is waiting in stockpiles to be used. 


es 


A contract was prepared to have a contractors! equipment on site 
during the winter season and spring breakup to permit immediate action 
when the need for raising the structure was evident from water level 
readings. To achieve this a rental situation for equipment and per- 
sonnel was effected in the amount of $7,500.00 

Ski-Doos 

These six ski-doos were purchased under a D.S.S. purchase order for 

use in the Peace-Athabasca Delta Project of survey work listed as 
WR159-71. 

The total value of this contract is $3,800.00 and is expected to be 
expended before March 31, 1972. 

Peace-Athabasca Delta Project 

The National and Historic Parks Branch Financial Section is serving 

as payment vehicle for invoices originating with P.A.D.P. and that 

are related to the Impoundment Weir construction work. Some of these 
items include aerial and ground survey controls, rental costs for the 
support camp, helicopter service, culverts for fish flume, electrical 
generators and distribution wiring, various types of fuel for the camp, 
and design consultant fees. 

lt should be noted that expenditures under this item are not controlled 


by D.1.A.N.D. and that an end result cannot be accurately forecasted. 
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SPECIFICATIONS 


L15 


WEST BRANCH !MPOUNDMENT 
QUATRE FOURCHES AREA 
ROCK FILL DAM 
ENTRANCF TO MAMAWI LAKE FROM LAKE ATHABASCA 


PEACE~ATHABASCA-DELTA PROJECT 


DESCRIPTION 

The work to be done under this contract consists of the construction of a 
rock fill, end dumped, dam across the West Branch of Chenal Des Quatre 
Fourches using a mid stream island as an anchor; modification and repair 
of stream channel banks. including rip-rap protection on the north bank of 
the access road; and other works as shown on the plans or hereinafter des- 


cribed. 


LOCATION 
The rock fill, end dumped dam is located on the West Branch of the Chena] 
Des Quatre Fourches in Wood Buffalo National Park, a distance of approx- 


imately 10 miles from Fort Chipewyan, Alberta. 


TIME SCHEDULE 

(A) Work shall commence on the project within 5 days of notification. 

(B) All construction and all backfill channel modifications and rip-rap 
protection shall be completed by December 11, 1971. 

(C) Within one week of notification, the contractor shall submit to the 
engineer a detailed work schedule outlining the various phases of the 
work and showing the dates that work on each phase will start and be 


completed. . 
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AESTHETIC CONSIDERATIONS 

The work under this contract is within a National Park, and the contractor 
shall at all times, conduct his operations in a manner so as to ensure there 
is no damage or disfigurement of natural features and vegetation immediately 
adjacent to or outside the construction limits of the project. The cutting 
of trees or operation of equipment beyond the staked or designated work 
areas and beyond the approved or designated limits of material sources will 
not be permitted except with the prior consent of the Engineer, and all 


environmental damage must be repaired to the satisfaction of the Engineer. 


CONSTRUCTION CAMP 
Any proposed construction campsite or plant location must be approved in 


writing by the Wood Buffalo National Park Superintendent. 


MATERIALS 

Materials used for embankments shall be free from much, wood, brush, roots, 
sods, ashes, rubbish, top soil and other organic matter and of such quality 
as required for proper compaction by the methods hereinafter specified. 


All material shall be approved by the Engineer prior to incorporation. 


ROCK MATERIALS AND RIP-RAP 
Any rock and rip-rap materials required will be obtained from the following 
sources: 
(A) A Pre-Cambrian Shield rock outcropping on the north bank of the West 
Branch of Chenal Des Quatre Fourches approximately 600 feet from 
the north section of the rock filled dam. The use of this source shall 


be in a manner approved by the Engineer and upon completion of the work 
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The contractor shall trim and restore the site by replacing top soil 
to a condition meeting with the approval of the Engineer. The con- 
tractor shall be responsible for providing and acceptable restoring 
necessary access to the site and other work related to supplying the 


rock and rip-rap materials to the site of the work. 


DAM FOUNDATIONS 


(A) The foundation for the rockfill dam will not require previous pre- 


paration by excavation. 


PLACING ROCK FILL AND RIP-RAP EMBANKMENT 


(A) 


(B) 


(Cc) 
(D) 


End dumping of sorted, excavated material will proceed outward to the 
main stream channels from the north bank. 

Where an embankment is to be constructed on a slope or against an 
existing river embankment, the sloping surface shall, if required, 

be benched or scarified in such a manner that the new material will bond 
with the existing surface. The method employed shall be approved by 

the Engineer. 

The dam shall be constructed to the required cross-section. 

The rock fill dam will be composed principally of material obtained 

from rock cuts. The larger stones shall be carefully distributed 

and the interstices filled with smaller stones and other material to form 
a compact mass. Such embankments shall be constructed in layers not 
exceeding 3 feet. The placing of individual rocks and boulders not 
exceeding 5 feet in least dimension will be permitted in shell zones 
provided they are carefully distributed and the interstices filled with 


finer material to form a dense and compact mass. Each layer, before 
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starting the next, shall be levelled and smoothed with suitable 
equipment. Hauling and spreading equipment shall be operated over the 


full width of each layer. 


The top of the rock surface shall be chinked with rock spalls and 


fines to form an earth-tight surface. 


CLASSIFICATION 

(A) Excavation Rock for rock fill dam and rip-rap 

Excavation Rock means: 

|) Material excavated from solid masses of igneous or metamorphic rock which, 
prior to removal, was integral with the parent mass; and 

1!) Boulder or rock fragments measuring in volume 2 cu. yds. or more. 

(B) Excavation Common 
Excavation Common shall comprise the excavation of all other materials 
of whatever nature, including alluvium, dense tills, hardpan and frozen 


materialsthat do not come under the classification of Excavation Rock. 


UTILIZATION OF EXCAVATED MATERIALS 
All suitable materials removed by excavation from the approved source 


shall be used as far as practicable, in the formation of the rockfill dam. 


LOCATION OF SOURCE ROCK 
The contractor shall notify the engineer sufficiently in advance of opening 


any approved borrow areas, so that necessary measurements may by made. 


STRIPPING AND WASTE MATERIAL 


Material unsuitable for embankment shall be removed to the lateral limits and 
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depths specified. Upon com pletion of Dam construction, the waste material 
in windrows shall be blended against the embankment and trimmed to blend with 


the dam and access road Slopes. 


Stripping material which, in the opinion of the Engineer, is suitable for 


top-soiling shall be placed in stockpiles at designated locations. 


TOPSOILING 
Topsoil material taken from stockpiles or other sources shall be placed at the 
locations and to the depth as directed by the Engineer. Surface stones, roots, 


and other debris shall be removed and the surface left in a uniform condition. 


TRIMMING 

The top surface and side slopes of the embankments shall be left in a neat and 
workmanlike condition and true to the lines and grades shown in the plans 

or as staked by the Engineer, where, in the opinion of the Engineer, satisfactory 


trimming cannot be obtained by mechanical means, hand trimming may be called for. 


EXCAVATION 
All excavation carried out .under this contract shal] be classified under one 
category listed below and shall include the removal and deposition of al] 


excavated material regardless of size, shape or composition. 


The contractor is advised that the volume of rock and material rip-rap within 
the excavation limits as shown on the plans or as staked or designated by 
the Engineer in the field, will be included in the excavation volume measure- 


ment. 
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Any excavated materials surplus to the staked or designated rock-fil1 
dam requirements shall be acceptably located as additional access road 
or protection material and stockpiled in other areas as designated by the 


engineer. 


Rock slopes in the borrow areas must be carefully scaled down and all rock, 
boulders and fragments which are liable to slide or roll down the slopes 
shall be removed. No rock shall be left projecting within the limits of 


the staked sections. 


DRAINAGE 
Side ditches shall be constructed to the depths and widths indicated on 


the plans, to permit ready run-off of surface water. 


FINISHING TOP SURFACES AND SLOPES 

The top surface and side slopes of cuts shall be left in a neat condition 
and true to the lines and grades as staked by the Engineer. When boulders 
are encountered in cut slopes they shall be removed on the instruction of 
the Engineer and any resulting cavities shall be filled and thoroughly 


compacted. 


When, in the opinion of the Engineer, satisfactory grading cannot be 


obtained by mechanical means hand grading may be called for. 


OVERHAUL 
For the purpose of this contract, there shall be unlimited freehaul on 


rock and rip-rap excavated materials. 
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Measurement-Excavated Rock 

(A) The quantity of excavated rock for which payment will be made shal] be 
the volume in cubic yards measured in its original position and com- 
puted by the average end area method, including boulders 2 cu. yds. or 
greater in volume, which is acceptable excavated and placed in accordance 
with these specifications+ Boulders or fragments of rock shall be based 
On measurements only, and the contractor shall give the Engineer 


opportunity to make the required measurements. 
Drilling and shattering will not be measured for payment. 


(B) Where, in the opinion of the Engineer, unavoidable overbreak occurs, pay- 
ment will be made for the actual quantity involved, provided this over- 
break quantity does not exceed 10 percent of the actual quantity of rock 
within the lines as staked by the engineer between the extablished 100 


foot station intervals where the overbreak occurs. 


DESIGN INTENT 

(A) the rockfill dam tg be constructed by end dumping of various rock gradings 
to produce the following characteristics. The core of the dam is to consist of 
rock containing sufficient fines, such that the final structure will be 
relatively impermeable. The shell zones are to provide resistance to erosion by 
water and/or wave action. The fillets at the north abutment of the small 
channel are to provide resistance to erosion of the alluvial material in the 
foundation of the north abutment. The contractor must be prepared to adjust his 
Operations both in excavation and placing in accordance with the Engineer's 
field direction in order that the completed structure will meet the above 


requirements. 
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(B) The contractor should be aware that portions of the rockfill dam 

will be supported on varying depths of alluvium. This alluvium has 

been found to be up to 40 feet thick and is generally in a s@ft condition. 

lt is fairly certain that due to the addition of the rock fill, particularly 

where the fill is thicker than 5 een that the silt foundation will partially 
fail, resulting in appreciable subsidence of the rock fill. During the 

course of construction it will be mandatory that the contractor's super- 

vision staff and other personnel maintain continous observation of the 

embankment for evidence of subsidence and to take necessary safety precautions and 


corrective actions. 


(C) Due to the risk of subsidence during construction, it will be necessary 
that no equipment be left unattended on the embankment even for short intervals. 
Furthermore the contractor should provide a well-maintained safety boat in the 
river and provide on the embankment life preservers and other suitable rescue 
equipment, to be used in the event that equipment operators fall into the river 


as a result of dam subsidence. 


(D) The contractor should be advised that the owner intends to instrument the 
rockfill dam to assist in assessment of the performance of the dam. The 
contractor is to assist where necessary in installation of these installations. 
Settlement markers established on the surface of the rock fill are not to be 


disturbed or damaged. 


(E) The contractor should be aware that provision must be made in the dam to 
incorporate a structure, yet to be designed, to accommodate passage of fish. 
The contractor must be prepared to adjust his operations and construct these 


structures at the direction of the engineer. 
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ZONING 

(A) The contractor shall adjustiftig @perations in blasting, loading and 
placing to produce the zones shown on the drawings. The rock gradation 
requirements for each zone are listed below. It is emphasized that these 


gradations refer to the in-place rock fill in the dam. 


(B) Rockfill Zone Gradations 


Nominal Rock.Size. (Inches) 


im Rock Sizé Equal to or Léss than 
03 


Description 90 “504 mts. 
Core 24 9 3 
Shells 48 24 12* 
Spalls 12 5 2 


*xAmount of fines (i.e. less than 12 inches) shall be such that they do 


not completely fill the spaces between the large rock pieces. 


QUARRY ING 

(A) Blasting shall be by the bench method. 

(B) “IntttaP blasts Tn the rock quarry Shall be sufficiently small to permit 
adjustments of blast pattern in order that the engineer may properly assess rock 
sizes and gradation produced by a given blast. 

(C) During blasting, the contractor is fully responsible for safety of 


personnel, equipment, building and safe warning of the public. 


LOADING AND DUMPING 

(A) The loading of the rock trucks should be done in a selective manner to 
produce individual loads of a particular class of rock which can be dumped 
in the correct position. The contractor should have a quarry foreman who 


will directly supervise loading operation to take best advantage of the 
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various rock sizes of the blasted rock produced in the quarry. 

(B) Dumping should be conducted to reduce segregation of the material to a minimum. 
Truck loads of dirty rock siiould be dumped in the core or central portion of the 
dam, with the intent to have the fines filter down into the coarser rock, 

as it is moved by the bulldozer. Clean, coarse rock should be dumped 

nearer the outer shells of the dam. 

(C) During dumping trucks should be positioned on the fill so that the load 

is dumped on the dam, rather than over the end. This will serve to reduce 

danger of trucks going into the water, and will assist in selective reworking 


of the material by the dozer on the fill. 


PLAC ING 

(A) The contractor should adjust his operations to reduce to a minimum the 
volumes of snow and/or ice trapped within the fill. 

(B) North Abutment Fillet. The spalls zone should be placed for the full 
width of the abutment and to the thicknesses shown on the cross-section. 

On completion of spalls placement, the main portion of the dam may proceed to 
a point beyond the end of the fillet region. Once this has been completed, 
the spalls zone of the fillet shall be covered by a minimum thickness of four 
feet of shell material. 

(C) Stage | Placing. It is intended that Stage | be constructed with the 
surface of the fill at or slightly above the existing water level. As the 
channel is progressively restricted, it may prove necessary to raise the 
level of the surface of the rock fill. 

Core Zone. The bulldozer should be operated to keep all fine rock within the 
limits of the core zone. The intent is that the fine rock and rock dust will fill 


the voids between the large rock pieces. Segregation of the material should be 
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pushed in at the end of the dam, rather than over the end of the dam. 

The advancing face of the core section should precede the faces of the 
shell zones by a distance not exceeding 20 feet. (Where there has been 

a failure in the alluvium in a north-south direction, every effort should 
be made to survey the extent of the aluvium pushed up in the river bed.) 
Shell Zones. The dumping and placing operation should be adjusted such 
that no fines are placed in the outer 6 feet of the shell zones. The 
intent is to produce a dense rough surface of well-keyed graded rock 
fragments which will meet the specifications mentioned in zoning part (A). 
It is pointed out that the boundary between the shell zones and core zones 
is not as distinct a line as shown on the drawings. It is intended that 
the two zones transitionally grade from one to the other such that the 


outer shell contains little or no fines. 


(D) Stage I! Placing. Stage 11 will be constructed of zones similar in 

gradation to that required for stage |. However Stage |! must be capped with 

a minimum of four feet of shell material. The contractor should be aware that 

it may not be practical to use end dumping methods to place the upper layer of shell] 
material on the crest of the dam. In addition to placing the rock by bulldozer 
working from dumped stockpiles, it may be necessary to manually rework the 

rock on the crest of the dam in order to produce the required dense rough 

surface of well-keyed graded rock fragments which will meet the gradation 


sizes specified. 
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Dearly Diary 

This document contains daily information from the arrival date of the barges 
containing the camp and related equipment, the contractor's equipment and 
fuel supplies on October 9, 1971 to December 10, 1971. 

Original diary to be retained on file contains daily summaries of contractor's 
work, progress, equipment on the job, personnel, and visitors to the site. 
Alignment Notes 

During the construction period, several small changes in alignment were 

made as field conditions and-design conditions required. The original “fveld 
book of notes on this subject is being retained on file in Western Regional 
Office, National and Historic Parks, Calgary. 

Original and Final Cross Sections 

For purposes of calculation of quantities contained in the access road, 

the dam proper and the stockpile areas, both original and final levels were 
taken and recorded. The original field information is contained in a field 
book being retained on file in Western Regional Office, National and Historic 
Parks, Calgary. 

Record of Water Levels and Dam Settlement 

Regular monitoring of rock settlement and water levels was recorded as 

the rockfill dam construction proceeded. Original rere information on 

this subject is contained in a field book being retained on file in Western 
Regional Office, National and Historic Parks, Calgary. 

Rockfill Dam Stage I (to elevation 684.0) 

Cross sections are plotted in detail for planimeter calculation of areas 

for the North Arm. South Arm, access Haw! Road and the rock stockpile. 

This original roll of information contains areas and the full scope of all 


cross sections of all the work above described and is kept on file at Western 


Regional Office, National and Historic Parks. 
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Quarry - Rock Sections 


Full details of the quarry area where the contractor removed rock for the 
dam construction are recorded for planimeter calculation of the areas. 

From this roll of detailed cross sections was developed the volume of rock 
removed by the contractor and the volume of rock upon which payment is made. 
The original of this roll of cross section paper is kept on file at 
Western Regional Office, National and Historic Parks, Calgary. 

Daily Account Reports 

These reports which are on file contain a daily summary of personnel on the 
job, hours worked by each, cubic yards drilled, cubic yards blasted, cubic 
-yards of rock excavation moved, cubic yards of embankment placed and cubic 
yards of rock in stock piles. In addition these daily account reports 
document on a cumulative basis the "down-time" or lost time of the contractor's 
machinery on the site. 

Daily Force Accounts 

Tes enre arts contain a complete listing of att work that was completed 

in addition to the contractual requirements. 

Weekly Reports 

Copies vf all relevant progress reports are.on file. 

Quantity Calloulsrints 

Summary sheets showing calculations of rock volumes are on file. 
Contractor's Daily Report 

Arrangements were made to obtain from the contractor copies of his daily 
reports to further substantiate the man and equipment operations at the 


impoundment weir site. 
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Location of the Quatre Fourches Impoundment Structure 
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PHOTOGRAPH APPENDIX 
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Original Dam site 
looking from east 
toward Lake Mamawi. 


Original Dam site 
including quarry area 
looking from south 
bank to north bank. 


Looking at Quarry 
from NN: W. .to as be 
end. 


October 21, 1971. 
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Looking at North Dam 
from otacuon. 490 
toward haul road. 


October 307972. 


Standing at Station 
O0+00 looking at 
Haul Road and Quarry. 


October 50, 197s. 


Equipment working in 
Quarry. 


October. 30, 1971. 
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Construction of Nerta 
Dam’ £rom*acir 


Date unknown. 


Construction of South 
Dam from air looking 
from southeast to 
Northwest. 


Construction of 
South Yam from air. 
Locking fron north- 
west to southeast. 


Vate Unknown. 
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Shell material on Kas 
Edge of South Dam 


November 29, 1971 


Looking at South 
BanketromestateatOO0 


November’ 29, 1971. 


Camp & Quarry sight 
from air. 


Date unknown 
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30" culvert an place 
looking from Last to 
West. 


December 5, 1971 


Total view of culvert 
idooking from nast 
to West. 


December 5, 1971 


Blasting ice to remove 
excess rock from ends 
of culvert fish sluice. 


December, 7, 1971. 
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SECTION M 


NAVIGATION SUB-COMMITTEE 
REPORT 
TO 


THE PEACE-ATHABASCA DELTA STUDY PROJECT 


Submitted by: 


C.D. Forbes, P.Eng. 
Department of Public Works 
Representative 

Technical Advisory Committee 
May, 1972 


ABSTRACT 


An overview of the role of navigation and problems of low 
water conditions within the study area and on the Mackenzie 
River system is presented in terms of the past, present 
and future. Activities of various agencies and vested 
interests concerned are mentioned as well as the potential 
threat to navigation resulting from possible diversions 
from a Embarras River and a proposed Embarras River- 
Athabasca River cut-off. Decision criteria on the diversion 
warranting further consideration is suggested. The effects 
of water level control within the Peace-Athabasca Delta 
area to navigation both within the study area and on the 
Mackenzie River has been examined with particular re- 
ference to a proposed ice dam. The conclusion reached is 
that a damon the Riviere des Rochers could be highly 
detrimental to the Interests of navigation on Great Slave 
Lake and the Mackenzie River. Decision criteria and design 
parameters are laid down for the Athabasca Delta and Lake 
Athabasca, Lake Athabasca outflow channels, and remedial 


works. 
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NAVIGATION SUB-COMMITTEE 
REPORT 
TO 


THE PEACE-ATHABASCA DELTA STUDY PROJECT 
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Appendices 


Nav. Appendix No. 1 - Lake Athabasca and Delta Water 
Levels 1971 — four pages 


Nav. Appendix No. 2 - Lake Athabasca and Delta Water 
Levels 1966 - 1970 


Nav. Appendix No. 3 - Athabasca Delta Bench Mark Readings 
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With Ice Dam 
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PEACE-ATHABASCA DELTA PROJECT 

NAVIGATION SUB-COMMITTEE REPORT 
Introduction 
The formation of sub-committees along lines of functional expertise 
was advocated by the Study Director in September, 1971. The need for 
the use of sub-committees became apparent as the volume of data enlarged 
and the complexities of the problems involved became more sharply 
defined. The sub-committees would serve as a function of the Technical 


Advisory Committee and would draw its members principally from that 


group. The chairman of each sub-committee would normally be a member 


of the Peace-Athabasca Delta Project staff. The Study Director's 


proposal was concurred in by the Technical Advisory Committee. 


Terms of Reference 


The Navigation Sub-Committee, using guidelines laid down by the Study 


Director, set the following terms of reference: 


Determine the existing and future requirements of navigation. 

- Express these requirements in terms of lake and river levels. 

- Express the requirements in terms of channel widths, wharves, and 
other structures. 

- Give, or arrange to ensure adequate coverage to potential downstream 
effects on the Mackenzie River system resulting from proposed remedial 
measures and/or water management usage in the Delta area. 

- Determine sites of particular interest to navigation, and if necessary, 


to advise on the nature of the investigation or data required. 
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- Assess other ramifications of the need for water as part of the 
transportation system. 
- Submit recommendations for inclusion in the July 1, 1972 Report. 
ae Committee Members 
The initial members of the sub-committee are noted below: 
Mr. J.R. Card — Chairman - seconded to the Study Group staff from the 
Alberta Water Resources Branch. 
Mr. C.D. Forbes - Department of Public Works of Canada - Edmonton. 
Mr. D.E. Longley - Department of Public Works of Canada - Edmonton. 
Mr. R.H. Smith - Ministry of Transport Ottawa 
Alternate Mr. C.J. Laurie - Ministry of Transport - Ottawa. 
Mr. H. Dubinsky - Ministry of Transport - Hay River, N.W.T. 
Mr. R.M. Bennett - Water Survey of Canada - Calgary 
Capt. G. Hampton - Northern Transportation Company Limited — Edmonton. 
The following people were contacted by the Sub-Committee through 
personal appearances or through correspondence: 
Mr. Bruce Hunter — Northern Transportation Company Limited - Edmonton. 
Mr. A. Coulson - Engineering Hydrology - Environment Canada - Ottawa. 
4, Department of Public Works, Canada 
pl Interests 
- The Public Works primary interest was in the provision of 
adequate water depths for the Water Transport Industry, river 
improvements generally, and the construction of wharves. 
Their possible secondary interest in the study was that, as a 
construction agency, they could be called upon to build whatever 


remedial works, if any, are decided upon. As the Public Works 
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were carrying out engineering studies on the Mackenzie River 
with a view towards navigation improvements, they were also 
interested in any water management practices which were proposed 
within the Mackenzie River watershed. 

- At the commencement of the project study, their initial interest 
lay within the Athabasca Delta in the present barge navigation 
track from Mile 183 out into Lake Athabasca and west to Fort 
Chipewyan, navigation in the Chenal des Quatre Fourches, and 
upstream as far as Mile 134 on the Athabasca River where the 
Embarras River leaves the Athabasca. As the project study 
developed, the Public Works felt that downstream effects on the 
Mackenzie River resulting from possible water management usage 
within the Delta was of equal if not greater concern than exist- 
ing navigational problems within the Delta area. 

-2 Dredging 

- The Public Works commenced dredging on the Big Point Channel in 
1945. The objective of this dredging was to assist in the move- 
ment of water borne freight into Lake Athabasca, and also down 
the Slave River from Lake Athabasca into the Mackenzie River 
system. Depending on the rate of siltation being experienced in 
the Delta, and yearly lake levels, the maximum channel provided 
is 200 feet with a maximum depth of water of 5 feet. From 1958 
to 1967 an average of 95,000 cubic yards of material had been 


dredged per annum from the Big Point Channel. From 1968 to 1971 


the yardage removed increased to an average of 201,000 cubic 
yards per annum for an increase from the previous 10 year average 


of 106,000 yards per annum. In 1970 the cost chargeable to the 
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Big Point Channel dredging amounted to $129,700. The dredging is 
carried out by one 12 inch, and one 10 inch, hydraulic cutter 
suction pipeline dredges. These dredges also operate periodi- 
cally at other locations on the Athabasca River upstream from 

the Delta. From 1968 onwards it has been necessary to work the 


dredges almost fulltime in the Big Point Channel. 


ad Water Levels 


The Public Works Low Water Datum for dredging purposes in the 
Athabasca Delta is measured at Geodetic bench mark No. 1700D 
located at Mile 186.3 from Waterways near a village on the Big 
Point Channel. At this point the Low Water Datum is taken at 
elevation 684.47. The attached Nav. Appendix 1 and 2 show read- 
ings taken at the Delta gauge in 1971 and at various times in 
1966, 1967, 1968, 1969, and 1970. These readings illustrate the 
gauge relationships between the Athabasca Delta gauge and the 
Water Survey of Canada gauge at Fort Chipewyan, and the river 
gradients which can be expected at various lake and river levels. 
The waterline at Crackingstone Point is noted in order to deter- 
mine wind set up or draw down at Ft. Chipewyan. Omitting read- 
ings taken when wind set up or draw down was excessive it is 
apparent that the differential in head between the Delta gauge 
location and the lake would rarely exceed 1.7 feet and at the 
higher lake level approaches or equals zero. Appendix 3 is at- 
attached to indicate the apparent shifting which can take place 
between bench marks, presumably through frost action. 

The data presented in Appendix 1 also indicates that the Low 


Water Datum shown at Mile 186.3 as 684.47 feet is equivalent to 
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the navigational Low Water Datum of 683.0 at Fort Chipewyan on 
Lake Athabasca. Using a cut-off date of October 15 as given by 
the Northern Transportation Company Limited, and the stage 
duration curves for a natural water regime provided by the Water 
Survey of Canada, this Low Water Datum would be equivalent to 
the 20% curve on October 15, or of water levels equal to lower 
than 683.0 in one year in five years. 

.4 Water Routes 
Five maps are attached labelled Nav. Appendix 4 showing the 
routes that have been travelled commercially by navigation with 
the Athabasca Delta and the time during which these routes have 
been used. Map No. 5 indicates the commercial navigation routes 
on Lake Athabasca, Riviere des Rochers, Chenal des Quatre 
Fourches, Peace River, and the Slave River going north into the 
Mackenzie River System. Present barge operations on the Peace 
River go up to Sweetgrass Landing; in the past they have gone up 
as far as Red River Post just below Vermilion Chutes. Recreat- 
ional navigation is of course possible above Vermilion Chutes. 
These water routes provide the only means of access to the 
south to the communities around Lake Athabasca, outside of air 
transport, and a winter road to Ft. Chipewyan. The distance 
from Waterways, Alberta, to Bushell, Saskatchewan is 273 miles 
by water with a cost of 7.3 cents per ton mile for class five 
freight, and 3.3 cents per ton mile for bulk petroleum. These 
costs include handling and storage at Waterways and unloading at 
Bushell. It is felt that these rates would be more than competi- 


tive with highway transport rates, should highways be provided 
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Las 


in the future, and therefore, navigation plays, and will con- 
tinue to play for some time in the future, an important factor 
in the economy of the Lake Athabasca area and the Peace-Athabasca 


Delta. 


Ministry of Transport 


oe Interest 


The Ministry of Transport's interests lie in the provision of 
aids to navigation, such as fixed ranges and buoys for naviga- 
tion, and the operation and control of public wharves after they 
have been constructed by the Department of Public Works. The 


Ministry also controls the placing of structures on navigable 


waters through the administration of the Navigable Waters 


Protection Act. 


a2 Aids to Navigation 


The Ministry of Transport places navigational aids on 

the Athabasca River, Athabasca Delta, Peace River, and Riviére 

des Rochers. The following is their estimation of the problems 

of additional costs involved through the lowering of lake levels 

since 1968. 

- The Public Wharf at Fort Chipewyan is no longer accessible to 
their vessels, with resultant inconvenience in delivering 
helicopter fuel, navigation aids, etc. 

- Fifteen additional aids have been placed at the Willows 
Channel where it enters Lake Athabasca with an estimated 
cost of $725.00 each. 


- Four additional aids have been required at various locations 


6. 
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on Lake Athabasca to indicate shoals now dangerous at low 
water levels. The cost of these aids is estimated at approxi- 
mately $725.00 each. 

- The water levels in the Chenal des Quatre Fourches River has 
dropped to the extent that passage of their aids to naviga- 
tion vessels from the Peace River to Lake Athabasca has 
proven difficult. 

- Lake Athabasca low water levels have caused problems with 
unloading freight at several areas, principally at the Fort 
Chipewyan dock. As loaded barges and tugs cannot reach the 
dock due to shallow water, the commercial carriers have had to 
put an empty barge on to the end of the dock and ramp up to 
the dock level. This has caused delays in freight handling 
and results in additional cost to the carriers over and 
above handling methods used in the past. 

- Commercial amphibian aircraft operators landing on Lake 
Athabasca in the vicinity of Fort Chipewyan have found that 
abnormal shallow water conditions and extensive mud flats 
have made their operations more difficult. These shallow 
areas have been investigated and no adequate alternate sites 
to the lake in the vicinity of Fort Chipewyanare available 


within economical reach. 


Northern Transportation Company Limited 


Northern Transportation Company Limited has provided a chart, attached 
as Nav. Appendix 5, showing the tonnages carried on the Athabasca 


System from 1949 to 1971. At one time most of the freight going north 
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down the Mackenzie River passed through Lake Athabasca and down the Slave 
River by way of the Peace-Athabasca Delta. As noted on the chart, there 
is very little freight now going north down the Slave River, and this 
system has lost most of its commercial importance for traffic into the 
north. At the present time there is a considerable movement of lumber 
southward from Sweetgrass Landing on the Peace River. However, the saw- 
mill which is the source of this lumber will likely be moved to the 
southern portion of the Delta near the Embarras River and the relocation 
would virtually eliminate most of the tonnage taken from the Peace River 


area southward through the Delta. 


This would mean that north and south traffic along the Chenal des Quatre 
Fourches or Riviere des Rochers would be very small. The closure of both 
rivers to navigation could.not however be considered feasible since some 
traffic will still be necessary in the future to provide the flexibility 
of operations for water borne traffic between Lake Athabasca and the 


Mackenzie River. 


At this point in time the Company could not provide a precise statement 
of the future of water borne traffic through the Delta area as there are 
several uncertainties in the future of the mining industry in Northern 
Saskatchewan which can be served by water transport from Lake Athabasca. 
If there were an increase in scale of developments the mining industry 
would require a considerably larger volume of movement of goods by barge 
than is presently being carried. If there were adequate navigation 
facilities which permitted the transportation of large volumes of mater- 
ials by water transport the bulk of transport of ore or ore concentrates 


might be a future consideration. 
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Besides the problems of low water conditions in the Willows Channel 
area of Big Point Channel in the Athabasca Delta, the Company has also 
prnemenced shallow draft problems in the Chenal des Quatre Fourches, 
principally at the confluence of this river and the Peace River. 

The problem here was that of shifting sand bars which on low water 
conditions made barge traffic difficult. The reverse flow conditions 
at this location shifted the deep water channel from one side to the 
other. It was considered that dredging would not materially assist in 
alleviating this problem and that higher water levels and/or river 
training works would be necessary to overcome the shallow water 
conditions. 

The low water conditions experienced on Lake Athabasca have in effect 
meant that the Delta area is a critical controlling factor on the 
draft to which they can load their barges. Whereas in the past they 
could at times load up to a maximum draft of 5.0 feet under favourable 
conditions, the continuing low water conditions have cut them back to 
under 3.5 feet for most of the navigation season. This loss of draft 


represents very heavy additional operating costs to the Company. 


Embarras-Athabasca River Cut-off 


The information provided by the Project Study Group through their 
consultants on the probability of a cut-off occurring between the 
Athabasca and Embarras River is a source of concern to the Sub- 
Committee. With an average rate of erosion of 35 ft/annum it would 


appear that a cut-off could develop within a six year period. 


The physical scale of this cut-off, and its possible effects on the 


Delta, are at the time of writing a subject of engineering debate. 
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The potential effect on navigation through Big Point Channel in the 
Athabasca Delta is such however as to warrant continuing engineering 
studies after the completion of the July 1, 1972 report. 

It may well be that remedial measures should be undertaken in this area 
within the next one to two years. 

Diversions from the Embarras River 

The installation of the dam on the Quatre Fourches Channel in 1971 

with the objective of increasing the levels of Lake Claire and Lake 
Mamawi raised the possibility of the need in low flow years to divert 
water from the Embarras River to maintain the lakes at an optimum 
level. 

There is concern as to the possible effects of such diversion on the 
water levels in Lake Athabasca assuming no control structures are 
placed on the Riviére des Rochers. Short term diversion (up to 30 days) 
would have little effect but long term diversion in a low water year 
would further reduce lake levels to the extent that an additional 
dredge may be necessary at the Athabasca Delta to maintain navigation 
with concommitant heavy capital and operating costs. 

Other points warranting consideration are the possible drawdown effects 
on the upper Embarras River of a 3000 cu. ft. per second diversion. 

If the river hydraulics are such that a drawdown would occur, channel 
degradation could be expected followed by increased flow from the 
Athabasca River to the Embarras River. The latter would be detrimental 
to navigation on the Athabasca River downstream of the bifurcation of 
the Athabasca and Embarras River. 

Downstream Effects of Remedial Works 


Pll General 
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The discussion under this section will deal mainly with the 
consequences of the proposed ice dam as the hydrology of the dam 
has been established to a reasonable degree while flexible control 
structures have not been firmed up to date. 

The geographical area of primary concern covers the Slave River, 
Great Slave Lake, and the Mackenzie River. The period of year in 
question, i.e., the navigation season, runs from June 3 to 
October 25. On the Mackenzie River, the river reach which would 
be strongly affected by lowering spring water levels upstream 
within the watershed runs from mile O at the mouth on Great Slave 
Lake to mile 203 at the confluence of the Liard and Mackenzie 
Rivers. The water stages in this river reach are governed 
principally by the outflow from Great Slave Lake and it is this 
reach which will be examined in this report. Below the Liard 
River the spring run-off on the Liard has a mitigating effect 

on spring low river stages upstream resulting from low stages on 
Great Slave Lake. The farther downstream you go the flow from 
other tributaries further masks the undesirable results of low 
outflow from Great Slave Lake. 

As the Slave River carries only light traffic,it is not 
considered necessary at this point in time to examine navigational 
problems of low water in June. 

Traffic 

Approximately 300,000 tons of general and bulk cargo was carried 
on the Mackenzie River in 1971, most of which originated from the 
Hay River marine shipping terminal. Around 25,000 tons had an 


origin - destination on Great Slave Lake itself. Hay River also 
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serves as the major shipping terminal for the Great Slave 
Lake fishing industry. All cargo is handled in a shipping 
season of slightly less than five months. With the expected 
pipeline construction, cargo figures could jump to 1,000,000 tons 
per annum. Delays encountered by the need to reduce cargo 
carrying capacity of barges, or to relay barges through problem 
areas, due to low water conditions have a significant impact on 
the ability to carry large volumes over a short period. To 
illustrate, a barge train containing six barges consisting of 
series 1500 barges would lose 210 tons of cargo with a draft 
reduction of one inch. A reduction of one foot would reduce their 
Cargo carrying capacity by a factor of 25%, of 2500 tons out of a 
potential of 10,000 tons. 
Class five cargo is handled at costs of about 44 cents per ton 
mile from Hay River to Inuvik over a water distance of 1000 miles 
including handling and S.I.T. charges. Bulk Petroleum products 
are carried at under 3 cents per ton mile. Air cargo costs 
run around 40 cents per ton mile not including handling. When 
truck transport is available in the future, rates could be expected 
to be over double the water transport rate and would not include 
handling costs. In ihis light, water transport could be expected 
to continue to play a vital part in the transportation picture of 
the Western Canadian Arctic. 

-3 Overview of Problem Areas - Four major problem areas can be 
identified on the Mackenzie River reach in question insofar as 
water cargo transport is concerned. These are the Beaver Lake 


area mi. 0-28, the Providence Rapids area mi. 37-45, the Mills 
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Lake area mi. 68-72, and the Green Island Rapids area mi. 

185-202. Great Slave Lake contains the fifth problem area in the 
channel leading into Hay River, N.W.T. Yearly maintenance 
dredging is carried out on the Hay River channel. 

Where ferry operations are concerned one problem area is 
encountered near mi. 40 on the Mackenzie River in the vicinity of 
Fort Providence. The ferry serves as a link in the highway 
between Hay River and Yellowknife, N.W.T. Ferry operations extend 
over a much longer season than water cargo transport operations as 
they commence approximately two weeks earlier and operate around 
one month later in the fall than the latter. The critical 
limiting depth for the ferry operation is presently 4 feet. 

With a barge draft of 6 feet and a tug draft of 5.3 feet, the 
water transport industry require a water depth of 8 feet (8.5 feet 
from mi. 0-2 on the Mackenzie River) for safe efficient operations 
and proper steerage control over the navigation season. The 
critical limiting depth in the river reach is 5 feet at Low Water 
Datum. 

Low Water Datum Settings 

For purposes of potential major river improvement works by way of 
dredging, the 10% stage duration curves have been selected as one 
design parameter. This allows the possibility of water levels 
being less than or equal to the Low Water Datum in one year in 
ten. For any one year a maximum fluctuation of water levels during 
the navigation season of 1.5 feet in Great Slave Lake and 3.0 feet 
at Fort Providence could be expected; the normal fluctuation would 


be in the order of 1.0 feet and 2.0 feet. In low water years 
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“ 


therefore you have little choice in your adjustment of barge 

drafts and are committed to reduced drafts for practically the 

entire season. Because of extensive shoal areas near a grade 

depth of 8.0 feet below Low Water Datum,any lowering of the 

datum would significantly increase dreding quantities. As noted 

under the following subsection 5, this may be necessary if the ice 

dams are placed every five years. 

Hydrograph Comparisons 

Mr. A. Coulson of Engineering Hydrology has prepared two hydrograph 

charts of Great Slave Lake to our requirements. We have plotted 

on these charts the minimum LOZ ,-257 and" 507 stage duration 

curves developed by R.M. Bennett, Water Survey of Canada, Calgary, 

for the Public Works of Canada and the navigation Low Water 

Datum set by Public Works. The stage duration curves developed 

from long term records illustrate the relationship of the Low 

Water Datum to possible water stages, and the actual and/or 

estimated stages to the probability of their occurrence. 

These charts are attached as Nav. App. 6 and 7. The following 

should be noted: 

- The actual stage shown is that occurring in 1970 with the 
reservoir filling behind the Bennett Dam in British Columbia. 

- The natural stage (estimated) shown is that which would have 
occurred if the Bennett Dam were not in place. Note it compares 
closely with the 25% stage duration curve and therefore the 
1970 inflows, while below median, were not lower low water flows 
in the watershed. 


- The regulated by Bennett Dam stage is the estimated stage which 
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would have occurred assuming the Bennett Dam reservoir had 
been filled sometime prior to 1970 and the generating units 
and spillway were in operation. Note there is a negative 
shift of approximately 0.2 feet from the estimated natural 
stage over most of the navigation season. From this we 
suspect that the stage duration curves developed from future 
data will show a negative shift in relation to those developed 
prior to the Bennett Dam. This is indicative of the long term 
consequences of the Bennett Dam, insofar as navigation is 
concerned. 

On App. 7 the regulated by Bennett Dam stages with 100% and 
90% storage of local inflow to Lake Athabasca by using an ice 
dam assumes the Bennett Dam reservoir filled as noted 
previously for the regulated by Bennett Dam stage alone. Of 
interest is the information that the ice dam storage for 
January 1 to June 30 with an impoundment of approximately 
19,000,000 acre feet is close to 85% of the annual impoundment 
behind Bennett Dam while the reservoir was filling. 

With the ice dam in place the water levels would have been 
below those normally expected i.e., regulated by Bennett Dam 
stage only, up to around August 20, after which the levels will 
run approximately 0.2 - 0.25 feet above. By June 1 the ice 
dam would have lowered levels 0.55 feet, by June 30, 0.73 feet. 
If the inflows into Great Slave Lake compare with the 102 
stage duration curve the ice dam would keep levels below the 
navigation Low Water Datum until July 25. Such levels would 


prevent the use of large tugs if dredging is not carried out. 
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~ In 1970, using the regulated by Bennett Dam stage only as a 
reference base, such an ice dam would have resulted in a net 
cargo loss of 9000 tons based on the operation of one barge 
train of six 1500 series barges and water level fluctuations 
at Ft. Providence. A minimum of three such barge trains would 
have been in operation for a total net loss of 27000 tons. 

- Ferry operation at Ft. Providence in 1970 from May 15 to 
July 10 would have been hampered with an ice dam installation. 
If the inflows had been in the 10% stage duration range the 
ferry would have been inoperative, for all practical purposes 
from May 15 to near July 25. The extra running time gained in 
November in sub-zero temperatures would not offset the long 
delay at the start of the season in good weather. 

- Low spring water levels will increase the probability of ice 
jamming at the mouth of the Mackenzie River on ice break’ up 
on Great Slave Lake. The ice jams can substantially drop water 
levels at Ft. Providence for period up to six days and halt 
ferry operations. 

- The suspected negative shift in the stage duration curves 
resulting from the Bennett Dam operations coupied with ice 
dam installations once every 5 years will likely require a 
reassessment of the assumed navigation Low Water Datum and a 


setting at a lower level. 


10; Decision Criteria 
-l1 Athabasca Delta and Lake Athabasca 
- Navigation plays, and will continue to play for some time in 


future, an important factor in the economy of the Lake 
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Athabasca area, and the Peace-Athabasca Delta. 

Low lake levels have caused problems to navigation and to those 
agencies responsible for maintaining navigation. 

To assess the long term effects of the Bennett Dam on 
navigation it will be necessary to develop new stage duration 
curves for Lake Athabasca and assess the phase shift against 
former water regimes. 

The cut-off developing between the Athabasca and Embarras 
Rivers warrants further engineering study as it could have 
adverse effects downstream on the Athabasca River and 
Richardson Lake. 

The possible diversion of water from the Embarras River into 
Lake Mamawi should be studied in terms of: period and time of 
year of the diversion; maximum total volume of diversion; its 


effect on Lake Athabasca levels; drawdown effect on the ' 


'upper" 
Embarras from the diversion of 3000 c.f.s. from the "lower" 
Embarras; the possible channel degradation resulting from the 
drawdown on the "upper" Embarras River with concommitant 
increase in diversion from the Athabasca River; and possible 
lowering of water stages below mile 136 on the Athabasca River 
should there be an increase in diversion from the Athabasca 
River. 

Based on past relationships water levels of benefit to the 
ecology would in most years meet to a large degree the needs 
of navigation. 


Siltation and channel meander studies in navigation routes 


could be considered. 
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- Controlled colour and infra-red aerial photography would 
precisely define water and channel boundaries and suspended 
sediment patterns, | 

- Where a conflict would arise between controlled Lake Athabasca 
levels for navigational purposes and undesirable downstream 
effects on navigation, the latter should govern policy decisions. 

-2 Lake Athabasca Outflow Channels 

- Commercial navigation is active at the present time in the 
Chenal des Quatre Fourches and the Riviere des Rochers. 

It is expected, however, that commercial water borne cargo 
in this area in the future will be very small. 

- The Slave River has now lost most of its commercial importance 
for water transport into the north. 

- The closure of both the Quatre Fourches and the Riviére des 
Rochers to navigation should not be considered, and at least 
one route should be available to navigation. 

- Any structure placed on the Slave River should provide for 
navigation. 

- Shifting sand bars at low water stages are a hazard at the 
confluence of the Quatre Fourches and Peace Rivers. Dredging 
would not be a solution to this problem. If the Riviére des 
Rochers is blocked by remedial works an engineering study should 
be made of the bar formation to determine if river training 
works would provide a solution and be economically feasible. 

-3 Remedial Works 

- The proposed ice dam on the Riviére des Rochers would be 


highly detrimental to the interests of navigation on Great 
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Slave Lake and the Mackenzie River. 

- When considering moderating the downstream effects of remedial 
works, recognition should be given to the varying inflows 
from separate regions of the greater Mackenzie Watershed in 
order to fully utilize the total available water regime to 
meet the needs of both the ecological and navigational 
environment. 

- Hydrographs developed from proposed remedial works should be 
assessed against stage duration curves on both Lake Athabasca 
and Great Slave Lake. New curves may be required for Great 
Slave Lake and will be a definite requirement for Lake 
Athabasca. 

- Locks would not be a requirement for a structure placed on the 
Riviére des Rochers provided navigation is assured on the 
alternate route through the Chenal des Quatre Fourches and the 
Peace River down to the Slave River. 

- Locks would be a requirement for a structure placed on the 
Slave River. 

i Be Design Parameters 
-l Athabasca Delta and Lake Athabasca 

- Low water elevation for navigation purposes should be taken 
as elev. 683.0 at Ft. Chipewyan, and elev. 684.47 at mile 
186.3 on the Athabasca River opposite G.S.C. B.M. No. 1700D, 
using a navigation start date of May 10 and cut-off of 
October 15 based on a 20% stage duration curve. 


- Based on a maximum tug draft of 3.0 feet, and barges loaded 


to 3.5 feet draft when low water conditions prevail, the water 
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transport industry requires 5.0 feet of water below Low 
Water Datum with the controlling factor being tugs proceeding 
upstream. Maximum barge draft possible at higher water 
stages is 5.0 feet. 

- A 200 foot wide channel should be maintained at the mouth of 
the Athabasca Delta. 

- The 20% stage duration curve would be acceptable only one year 
in five years due to the heavy siltation rate in the Big Point 
Channel at low water levels. Normally levels following the 
50% stage duration curve would be the minimum required. 

- Any diversion from the Athabasca River, whether through natural 
or artificial means, which would lower river stages below the 
before mentioned criteria would not be acceptable. 

-2 Lake Athabasca Outflow Channels 

- Tug and barge draft criteria in the outflow channels should 
be the same as that specified for Lake Athabasca and the 
Athabasca Delta. 

- If the above criteria is met, and channel siltation is not a 
factor, a rise of 1.5 feet in water stage from spring to mid 
July and a corresponding fall to mid October would be 
acceptable. 

- Channel widths would be dependant on speed and direction of 
current, degree of curvature and total angle turned in bends. 
A minimum channel width would be 100 feet. 

-3 Remedial Works 
- The downstream effect of remedial works can only be assessed 


by routing flows downstream through each individual proposed 
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structure over a minimum period of one year assuming certain 
Great Slave Lake elevations at the start. Downstream flows 
with ice cover both in the Slave River and at the mouth of 
the Mackenzie could receive further study to arrive at more 
precise open water stages in the spring. 

Any navigation locks installed should be capable of providing 
6.0 feet of water over the sill and accommodating one barge 


56 feet by 250 feet long. 
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FOREWORD 


This report is an interim report on the geology of the Peace-Athabasca 
Delta region, Alberta. It was prepared at the request of the Director of the 


Peace-Athabasca Delta Project, Mr. D. Hornby. 


In the near future the Research Council of Alberta will publish a 


final report concerning the geology and geologic history of the area. 
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SUMMARY 


The Peace-Athabasca Delta is underlain by Canadian Shield granites 
and gneisses, Athabasca Sandstone, and Devonian limestone and gypsum. 
The configuration of the bedrock surface underlying the Delta varies 
with the type of formation present. The bedrock surface of areas underlain 
by Canadian Shield rocks is knobby with local relief of 200 feet. The 
bedrock surface of areas underlain by other formations is nearly flat. 
Large preglacial valleys dissect the bedrock and these valleys have been 
overdeepended by glacial action. Towards the end of the recession of the 
continental icesheet large proglacial lakes covered the Delta region and 


thick deposits of inwash and glaciolacustrine sediments were laid down. 


The Peace-Athabasca Delta began to form about 10,000 years ago and it 
now forms a composite, inland delta of the bird's-foot type. The Peace, 
Athabasca and Birch deltas occupy an area of 1475 square miles and, at 
present, extend their total area 1 square mile every 13 years. The Athabasca 
and Birch rivers are actively extending their delta areas but the Athabasca 
Delta accounts for the greater proportion by far. The Athabasca Delta has 
reached a point of development (the present distributaries are overextended) 


where migration of the active lobe is imminent. 


The Peace Delta is now in an old stage of development because the 
Peace River bypasses the Delta. The delta receives sediment only during high 
flood stage of the Peace River so that area extension from sediment deposition 
is small. The Peace Delta is now effectively inactive and will remain so with 


the upstream regulation of water levels. 


A series of barrier islands have formed (as a result of wave action 


in Lake Athabasca) which extend from Fort Chipewyan to Old Fort Point. 


Most of the deposits on the surface of the delta are silts and clays 
deposited during flood stages. These silts and clays are suitable for 
road construction. Subsidence due to sediment compaction is evident on the 
margins of the Peace, Athabasca and Birch Deltas. Wave action has modified 


portions of the Delta which receive little sedimentation. 


Two types of lakes exist in the Peace-Athabasca Delta: lakes connected 
to open water and lakes not connected. The connected Or open lakes raise 
and lower their water level in response to water level fluctuations in the 


major lakes. The closed lakes enlarge or decrease in area in response to 
rainfall or floods. 

Erosion features in the Mamawi Lake bed show that the Peace-Athabasca 
Delta has experienced very low later levels in the past. 

No drastic changes will occur in the Peace Delta but the Athabasca 
Delta is a dynamic feature and large, abrupt changes in its configuration 


are expected in the very near future. 


GEOLOGY OF THE PEACE - ATHABASCA DELTA 


INTRODUCT ION 


Location and Size 

The Peace-Athabasca Delta, one of the largest inland fresh water 
deltas of the world, is located in northeastern Alberta at the southwestern 
end of Lake Athabasca. It lies between 58°15' and 59°00' north latitude and 
110°45' and 112°20' west of Greenwich. The total delta complex covers an 
area of 1475 square miles (3820 square kilometers) and is comprised of the 
following deltas: Athabasca Delta - 760 square miles (1968 square 
kilometers), Peace Delta - 650 square miles (1683 square kilometers) and 
Birch Delta - 65 square miles (168 square kilometers). Other very smal] 
deltas in the delta complex area are associated with the Mclvor, Steepbank, 
Richardson and Maybelle Rivers, and Keane and Buckton Creeks. Though the 
Peace and Athabasca Deltas have merged they can be separated with reasonable 
confidence on the basis of the distributary patterns. The Birch Delta is 


separate from the main delta complex. 


Access 

Access to the Peace-Athabasca Delta is very difficult and is practically 
restricted to helicopter transport. Despite the flexibility of the helicopter 
the lack of suitable landing spots still limits surface mapping and sampling 


in the delta region. 


Climate 

The climate of the Peace-Athabasca Delta is warmer than the surrounding 
regions because of lower elevation and the moderating effects of Lake 
Athabasca and Lake Claire. The region's frost-free period, summer hours of 
bright summer sunshine, and mean annual snowfall are comparable to those of 
Edmonton, but the mean annual temperature is lower than at Edmonton. Lake 
evaporation is approximately equal to the mean annual precipitation 


(Longley, 1968). In general, summer temperatures at Fort Chipewyan are 
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comparable to those of Edmonton but for the rest of the year it is relatively 


colder. 


Muskeg Accumulation 

In warm climates, the accumulation of organic matter is minimal due 
to high fungal and bacterial action. In the far north, the accumulation of 
Organic matter is very slow because cold climates inhibit plant growth. 
There is an intermediate climatic zone in which a maximum accumulation of 
organic matter occurs (maximum muskeg growth) because plant growth is 
significant and yet organic disintegration by bacteria and fungii is less 
than the yearly growth. The Peace-Athabasca Delta is situated in such a 


ZOne. 


Permafrost 
Discontinuous permafrost is present in the surrounding area (Lindsay 
and Odynsky, 1965), but due to the moderating effect of the large lakes it 


is not found in the delta. 


Permafrost has been encountered at a depth of 89 feet on the extreme 
western shore of Lake Claire (Drill hole H-2, Appendix 1). During drilling, 
Dr. G. Nielsen reported that samples contained interstitial and clear ice 
at the 89 foot depth. No permafrost exists from the present delta surface 
to 89 feet and hence this ice and associated cold ground is considered to 
be fossil permaforst remaining from the last glacial age. Permafrost was also 


noted in drill holes G-2 at 3.5 feet and H-5 from 8 to 54 feet. 


Fieldwork and Sources of Information 

During the summer of 1970 the senior author mapped the distribution of 
surficial deposits in the Peace-Athabasca Delta as part of an overall survey 
of northeastern Alberta conducted by the Research Council of Alberta. The 
delta was traversed by helicopter and landings were made to sample and 


identify the surficial material. 


In 1961 exploratory mapping of the soils was carried out by a team 
from the Research Council of Alberta which included the senior author 


(Lindsay et al., 1962). During the Exploratory Soil Survey landings were 
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made in the delta area to identify and classify the soils. Original field 


notes and samples were made available to the authors for the present study. 


Low-altitude, oblique aerial photographs of the delta taken in 1927 
by the Royal Canadian Air Force were obtained for study from the Provincial 
Museum and Archives, Edmonton, Alberta. These photographs do not cover the 
entire delta area and only some of the significant portions are represented. 
Other aerial photographs taken in 1950 at a scale of 1:33,000 and in 1970 


at a scale of 1:24,000 were also used in this study. 


Samples of the subaqueous portion of the delta were supplied by 


Dr. A. A. Levinson, Department of Geology, University of Calgary, Alberta. 


Lithologs of drill holes bored by Dr. G. Nielsen were supplied by the 
Water Resources Division of the Department of the Environment, Government 


of Alberta. 


One water-well log was also consulted (on file at the Research Council 


of) Ad berta): 


Previous Work 

No previous systematic or detailed work on the geology of the delta 
is available. Early travellers through the delta noticed deltaic deposits 
and high water levels in the deltaic marshes. Alcock (1920) speculated on 
the origin of the Lake Athabasca basin and contended that the basin was 
produced by glacial erosion (overdeepening) of weak rocks that floored 


a pre-existing valley. 
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BEDROCK LITHOLOGY 


General Setting 

The Peace-Athabasca Delta is positioned at the edge of the exposed 
Canadian Precambrian Shield. Precambrian rocks are found east and north 
of the delta and Paleozoic gypsum and limestone are found to the west. 
Mesozoic rocks form the Birch Mountains southwest of the delta (Map 1). 
The delineation of bedrock types and bedrock topography beneath the delta 
is difficult. Only a small number of outcrops occur on the periphery of 
the delta region and the underlying bedrock and its topography have been 


inferred from these outcrops and the limited available borehole data. 


Precambrian Igneous and Metamorphic Rocks 

The Precambrian Shield complex of plutonic metamorphic-igneous rocks 
lies within the Churchill Province and therefore has been severely affected 
by the Hudsonian orogeny corresponding to an age of about 1800 million years 


before the present. 


The migmatitic gneisses include biotite- and hornblende-bearing phases 
with small lenses of metasedimentary rock and amphibolite. The metasedimentary 
rocks are composed of impure quartzites, phyllites and schists, and locally 


may include minor amphibolite. 


These gneisses have been intruded by massive to foliated granites that 
form bodies of varied sizes ranging from one hundred feet or less up to 


plutons over 10 miles in length. 


The Precambrian terrain has a distinct northeasterly trend expressed 
by the steeply dipping metamorphic foliation of the rocks, the alignment 
of lenses and bands in the gneisses, the elongation of the granite plutons 
and the major faults of the area. Two zones of mylonitization (deep-seated 
wrench faults) also cross this rock complex parallel to the regional trend; 
a six-mile wide zone lies adjacent to the shore of Lake Athabasca, and a 


second two-mile wide zone passes through Flett Lake. 


Athabasca Sandstone 


Athabasca sandstone is not exposed in the delta area but it crops out 
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along the south shore of Lake Athabasca east of Old Fort Point. The sandstone 
is composed predominantly of fine- to medium-grained quartz with uncommon 
thin conglomeratic and shale stringers. Cementation of the formation is 
variable. In Alberta the sandstone is poorly cemented and friable and no 
really hard strata have been observed. The poor cementation observed in the 
outcrops may be the result of weathering and it is possible that the sand- 


Stone is much harder a short distance below the surface. 


Athabasca sandstone occurs as subcrop on Bustard Island, and crops out 
on Burntwood Island and on the north shore of Lake Athabasca at Fidler-Point 


and just east of Fort Chipewyan. 


Goose Island in the Athabasca Delta is not a deltaic island but is made 
of glacially-derived Athabasca sandstone rubble which forms a portion of the 


end moraine extending along Old Fort Point peninsula. 


The thickness of the Athabasca Formation is variable. Though generally 
thinner at the margins, a boring towards the centre of the basin in Saskatchewan 
reveals a thickness in the order of 5000 feet. No thickness data are available 
for the formation in Alberta, but it should exceed 1000 feet in the major 


outcrop area south of Lake Athabasca. 


Paleozoic and Mesozoic Formations 

The surface of the Canadian Shield dips gently to the southwest, and no 
outcrops of Precambrian rocks occur west of a northwest-trending line 
running through Lake Mamawi and Lake Baril. West of this line Devonian 
Strata overlie the Precambrian granites. A few limestone outcrops of the 
Slave Point Formation occur near the Birch River Delta. The Keg River and 
Muskeg Formations crop out on the Slave River but are not found in the 
Peace-Athabasca Delta area. These two formations are believed to underlie 
surficial deposits around the mouth of the Athabasca River and west of the 
Slave River close to the Peace-Athabasca Delta. Thus, they should form the 
bedrock of the Peace-Athabasca Delta west of Mamawi and Baril Lakes. 

A map showing the gross distribution of bedrock formations and their 
lithology may be found in "Bedrock Geology of Northern Alberta,'' R. Green 
etiial.e 1969), 
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BEDROCK TOPOGRAPHY 


Bedrock Topography Underlying Peace-Athabasca Delta 
The Canadian Shield rocks which crop out in the Peace River Delta area 


are continuous in the subsurface with the rocks east of the Riviere des Rochers 
channel. By constructing projected profiles (of 4 miles projection width) it 
was determined that the local relief on the Shield is about 200 feet. A line 
on map 1 marks the theoretical position at which the highest knobs should 

crop out at the 700 foot elevation. The true westerly outcrop limit of the 
Precambrian Shield rocks in the delta area is shown to be some 10 miles east 
of the projected 700 foot line. Consequently, the topographic configuration 

of the basement beneath the delta west of the true outcrop line is uncertain. 
The discrepancy may be explained by either a greater downwarping of the Shield 
surface west of the outcrop line or vertical displacement along a fault. 
Aeromagnetic maps show evidence of two faults in that area (Map 1). In rocks 
of high aeromagnetic response (e.g. gneisses) faults are generally evident 

as valley lows on the maps. In summary, it may only be said that within the 
Precambrian outcrop area the local relief of the bedrock is about 200 feet. 

A line passing through Fort Chipewyan projected southwest from the northwest- 
trending shoreline of Lake Athabasca divides the Shield outcrops from the 
Athabasca sandstone outcrops within the study area. Aeromagnetic maps show 

a coincident contrast in response along this same boundary (Map 1). From 

these observations it is suggested that the bedrock surface under the 
Athabasca River Delta should be similar in configuration to that in Lake 


Athabasca. 


Northeastwards from the delta the lake is shallow, from 10 to 25 feet 
deep, and it is assumed that the bedrock is probably not overlain by much 
recent sediment. Athabasca sandstone could be encountered some 20 to 30 feet 


below Lake Athabasca water level in that part of the Athabasca Delta. 


Local relief on the Athabasca Formation south of Lake Athabasca is 
very subdued compared to the 200 foot local relief on the Precambrian Shield 


to the north. 
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The bedrock surface of the Lake Claire portion of the basin can be 
interpreted on the basis of drill hole information supplied by Water Resources 
(Appendix 1). A vertical cross-section of the west shore of Lake Claire is 
shown in figure 1. The thalweg of the preglacial Peace River is positioned 
near the northern shore of Lake Claire and at that location bedrock is 
400 feet below the surface. To the south near Spruce Point the preglacial 
bedrock surface is close to the present topographic surface. Hence, it is 
postulated that bedrock (Slave Point Formation) is relatively close to the 


surface under Lake Claire south of an east-west line through Spruce Point. 


The Formation of Lake Athabasca Basin 

Towards the end of the Cretaceous Period the extensive seas withdrew 
from northeast Alberta and from then on the area was subjected to continuous 
erosion. All the sediments overlying the Shield rocks in the Fort Chipewyan 
region were stripped off whereas west of the Slave River erosion removed 
strata down to Devonian formations. In the Birch Mountains area,erosion was 


less severe and Cretaceous strata are still present. 


Towards the end of Tertiary time and at the beginning of the Quaternary 
Era the gross topographic features of the area were essentially the same as 
at present. In the very large broad valleys between the erosional remnants 
(the Birch and Caribou Mountains) large rivers flowed in positions similar to 
those at present. In the Peace-Athabasca Delta area three rivers converged. 
One came from the west along the course of the present Peace River, a second 
came from the south essentially along the course of the present Athabasca 
River, and the third came from the east through the basin of the present 
Lake Athabasca. All three rivers united and flowed northwards along the 


present Slave River route. 


The Pleistocene Period began with the buildup of continental glaciers 
which repeatedly extended over large portions of North America. Pre-Wisconsin 
glaciers probably flowed in more or less the same direction as the Wisconsin 


continental glacier. Glacial striae show that the Wisconsin glacier flowed 
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from the northeast parallel to the long axis of Lake Athabasca. The long axis 
of Lake Athabasca was also the thalweg of a preglacial river, and thus was a 
natural topographic low. Pleistocene continental glaciers followed the course 
of the preglacial river, accelerated the erosion and overdeepened the valley. 
Overdeepening could have resulted from the removal of soft rocks in the area 


of the present lake as postulated by Alcock (1920). 


Lake Claire is positioned over the axis of the preglacial Peace River 
valley. Glaciers advancing from the northeast would follow the Peace River 
valley westward and overdeepening could have taken place in the Lake Claire 
area in the same manner as the Lake Athabasca basin. Hence, the deep portion 
of the preglacial Peace River valley (Fig. 1) may be the result of glacial 


overdeepening rather than being a feature of the original valley. 


The deepest portion of the preglacial Peace River valley as shown on 
figure 1 is only 300 feet above sea level. Along the Slave River are many 
rapids and bedrock outcrops which preclude the presence of a large 
preglacial valley that their depth, ! furthermore, there are no such valleys 
towards the eastern end of Lake Athabasca. In short is seems very likely 
that the deep portion of the Peace River valley has been produced primarily 


by glacial erosion. 


The Athabasca River may also be positioned over an overdeepened 
preglacial valley near the Delta as outcrops are lacking along the Athabasca 


River close to the delta. 


lL. A. Bayrock (1972): Surficial Geology, Peace Point-Fort Fitzgerald, 
Research Council of Alberta, map, scale 1:250,000 in press. 
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QUATERNARY HISTORY OF THE DELTA BASIN 


Glacial History 


The last glacier to cover the area advanced from the east-northeast 
as indicated by the large number of ice flow features present around the 
delta (Alcock, 1920), Glacial Map of Canada (Prest et al. 1967), and 
Godfrey (in preparation2) . It is estimated that at the height of the last 


of Wisconsin glaciation the area was covered with up to two miles of ice. 


The recession of the continental glacier from the area was marked by 
pauses and short readvances. During maximum glaciation the entire area was 
covered including the Birch and Caribou Mountains. As glacial recession 
proceeded the surface of the glacier was lowered and the Birch and Caribou 
uplands were exposed. Further lowering of the glacier surface exposed the 
uplands entirely and the margin of the glacier was positioned for a time 


in the lowlands west and south of the delta. 


The glacier receeded further towards the northeast down the regional 
slope, and since the natural drainage of the area is also to the northeast 
glacial meltwater formed large lakes in front of the standing ice mass. 
These ice marginal lakes persisted until the final disappearance of the 
glacier from the area. Consequently, the deposits left in the lowlands 


surrounding the delta area are either glaciolacustrine or glacial outwash. 


It is not possible to date the time of recession of the glacier from 
the delta as no samples have been radio-carbon dated. In Saskatchewan the 
Creek Lake moraine is tentatively dated as being about 10,900 * 700 years 
old. This is based on a radio-carbon date of peat overlying till in front 


of the Cree Lake moraine (McCallum and Wittenberg, 1962, S - 23 


The Creek Lake moraine in Saskatchewan is one continuous moraine but 
in Alberta it splits into four separate moraines. These moraines are situated 


from the northern limit of the Muskeg Hills in the Bitumount map-area (74-L) 


2 Godfrey, J. D: Geology of the Fort Chipewyan District, Northeast Alberta; 
Research Council of Alberta, Map, in preparation. 
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northwards to the south shores of Lake Athabasca. The small moraines in the 
delta area represent separate, short readvances of the glacier during the 
general recession. Ice-marginal lakes of different elevations are associated 


with each of these moraines. 


Raised glacial lake beaches are wel] developed west of Lake Claire, 
west of the Slave River, and on both shores of Lake Athabasca up to 300 feet 
above the present water level of Lake Athabasca. The beaches on the west 
shore of Lake Claire show considerable tilting which indicates uneven 


postglacial isostatic readjustment. 


Although individual raised beaches are continuous over long distances, 


correlation of beaches between different areas is not possible. 


Proglacial lakes which occupied the area west and south of the delta received 
sedimentation directly from both the melting glacier and from the Athabasca 
and Peace Rivers. Material of nonglacial origin deposited in glacial lakes 
is called inwash. Both the Peace and Athabasca Rivers deposited thick 
Proglacial deposits of this type in lakes around the delta area. Athabasca 
River inwash may be seen along the river valley for a distance of about 
25 miles south of the Athabasca Delta. Inwash from the Peace River covers 
a much larger area; its extends from the lowland between the Birch and 
Caribou Mountains west of Lake Claire to about Vermilion Rapids on the 


Peace River, a distance of about 90 miles. 


Postglacial History 


As the proglacial lakes drained, the,newly exposed and unvegetated 
inwash and outwash sediments were subjected to intense aeolian activity. 
This activity led to the formation of the presently stabilized sand dunes 
along the Athabasca River and in the lowlands west of Lake Claire. The major 
dune forming (storm) winds during this time were from the southeast. Dune 
forming winds at present are from the northwest. The inwash sediments can 
be readily distinguished from glacial sediments. The former contain coal and 
bituminous sand derived from the south and the west, whereas, glacial 
sediments in the Peace-Athabasca Delta area do not contain such organic 


materials. 
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Isostatic Readjustment 


The recession of the continental glacier led to isostatic readjustment 
of the land. During the period of maximum development of the Wisconsin 
glacier, the glacier was about 10,000 feet thick over the delta. (The 
calculation is based on a formula derived by Nye [1959]). Ice cover of this 
thickness would depress the continent isostatically by about one third of 
the thickness of the glacier, then during and after the recession of the 
glacier the continent would rebound to its former elevation. The glacier was 
thickest towards the center of the former ice sheet and consequently the continent 
was depressed more there compared to the peripheral area. Corresponding 
postglacial isostatic readjustments of the continent are therefore greatest 
towards the former centers of continental glaciers compared to peripheral 
areas. The result of the differential movement is tilting of the continental 


surface during the rebound period. 


Based on a series of abandoned beaches west of Lake Claire and on 
elevations along the 29th baseline (as recorded on the NTS sheet Gt) tt 
was calculated that the area is tilted up towards the northeast at the rate 
of two feet per mile. The tilt axis lies at about 40 degrees west of north. 
The rate of isostatic readjustment was probably highest at the start of 
deglaciation and it decreased exponentially with time. It can be assumed 


that the isostatic readjustment is now practically completed. 


Surficial deposits of the area surrounding the Peace-Athabasca Delta 
have been mapped by the Research Council of Alberta on a scale of 1:250,000. 
Maps showing the distribution of the deposits are now in press and should 


be available by August 1972. 
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SEDIMENTATION 


Inland Delta 

The Lake Claire-Lake Athabasca basin is one continuous depression 
enlarged by glacial erosion and presently divided into two parts by the 
Peace-Athabasca Delta. The Peace-Athabasca Delta began to form approximately 
10,000 years ago, immediately after glacial recession and draining of the 


proglacial lakes. 


The Peace-Athabasca inland delta will eventually silt up the depression 
in which it is now growing and the rivers supplying the sediments will then 
flow through the delta without deposition. Geologically speaking an inland 


delta is a very short-lived feature of the landscape. 


separate Deltas 


Although the Peace and Athabasca Deltas have merged, they can still be 
differentiated on the basis of their distributary configuration. Active or 
inactive individual distributaries may be traced back to the major river of 


their origin. The differentiation of the two major deltas is shown on map 5. 


Deposition of Sediment Due to Loss of Current 


Deltas are built by the deposition of sediments from streams as they 
enter bodies of water. A stream loses most of its turbulence on entering 
a body of water and the sediments are deposited. The river sediment is 
deposited in reasonably predictable patterns which make it possible to 


describe the past and future behavior of a delta. 


Sedimentation Dynamics 


An actively growing delta is a dynamic phenomenon. The position and 
size of the individual distributaries may change yearly but the greatest 
changes occur when the area of deposition shifts from one part of the delta 
to another. For example, since 1927 the distributaries of the Embarras 


River have been captured by the Fletcher Channel, and during recent geologic 
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time it can be shown that the Peace and Athabasca Deltas have changed their 


major distributary patterns on a large scale (Map 3). 


Rates of Accretion 

The Peace Delta has reached the stage of development at which deposition 
takes place only at flood times (old age). The Athabasca River deposits most 
of its sediments in the delta and is actively extending that area. The 
Athabasca Delta is 760 square miles in area and since it originated about 
10,000 years ago it is being enlarged on the average at the rate of one 
square mile every 13 years. The Peace Delta is 650 square miles in area but 
it ts not presently active and the period of inactivity is not known. The 
Peace Delta is in the old stage of development and the Peace River is 
bypassing it. Consequently, the growth rates for the Peace Delta have not 
been calculated. The Birch River Delta is 65 square miles in area and it 


enlarges its area by about one square mile every 150 years. 


Sedimentation Patterns 

The Peace-Athabasca Delta is a typical bird's-foot delta. The visible 
portion of the delta is the result of subaerial deposition in contrast to 
the portion of the delta which remains below the surface of the water 
(subaqueous deposition). The growth of the bird's-foot pattern is mainly 
the result of the buildup of levees along the distributaries to a height 
above the average water level during flood times. The distributaries 
commonly bifurcate and reunite to enclose depressions between them. These 


depressions become deltaic lakes and marshes. 


During flood periods, water in the distributaries overflows the banks, 
sand is deposited on the levees, and silt and clay become trapped in the 
intervening lakes and marshes. Deltaic lakes in or near an active area of 
a delta may receive sedimentation during higher than normal water levels 
(but not necessarily during every flood) through a levee breach called a 
crevasse. A miniature delta usually forms at the mouth of a crevasse and 
extends into the lake. The crevasse may also serve as the drainage channel 


for the lake after a flood stage has receded. Thus, a lake may be flooded 
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and drained via the same crevasse leading into it. The crevasse is lower 
than the level of the top of the levee and once formed sedimentation of the 
deltaic lakes becomes accelerated. Crevasses are commonly resilted thereby 


resealing the deltaic lake. 


Many of the deltaic lakes are directly connected to open major lake 
water. Such lakes are on the periphery of the delta in depressions between 
distributaries which have not yet united with other distributaries. In the 
Peace-Athabasca Delta region partly open deltaic lakes occur on the outer 
margins of the three deltas and in the zone between the Peace and Athabasca 


deltas. Mamawi Lake is an open lake between the two deltas. 


Active Lobe Migration 


A delta is similar in origin to an alluvial fan and in three dimensions 
they are both half-cone shaped. The gradient of the delta slope is less steep 
(the apex of the half-cone corresponds to the point where the river enters 
the delta area). As a delta grows it aggrades the level of the deposits at 


its terminus which also results in aggradation of the river bed upstream. 


In all deltas, the part of the delta which is actively receiving 
sediment periodically migrates. The distributary channels overextend 
themselves and the main river abruptly abandons them in order to seek a 
shorter, steeper gradient to the water body. Over a period of time, the 
net result is a series of imbricated delta sediments which resemble many 
layers of overlapping sloping tiles. The sequence of the most recent active 
lobe migrations (geologically speaking) of the major detlas is shown on 
map 3. The distributary channels of the Athabasca River are, at present, 
well overextended to the east of the delta and migration of the active lobe 
of the Athabasca Delta is imminent. The most likely position for the new 
active lobe will be in Lake Claire of Mamawi Lake. The gradient from the 
Athabasca Delta apex to either Lake Claire or Mamawi Lake is much steeper 


than its present course. 
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Point Bar Deposits 


Bedload is deposited on the inside of meanders. The deposits are called 
point bar deposits and are somewhat ridged. Most point bar depoists in the 
Peace-Athabasca Delta are made of sand and are found along both active and 
inactive distributaries throughout the delta region. Even some of the 
smallest distributaries in the delta have point bar deposits. A map of the 
distribution of point bar deposits of the delta has not been made because 
they could not be accurately delineated on 1:250,000 scale maps. (They could 


be delineated on 1:50,000 scale maps). 


The point bar deposits of the Peace-Athabasca Delta range from course- 
to fine-grained sand but this deposit with silt and clay is frequently 
covered (from flood periods). Thus, older point bar deposits have a thicker 
silt cover than the more recent deposits. The depressions between individual 


point bars are gradually infilled with silt resulting in a smoother surface. 


Rates of Sedimentation 

The Peace-Athabasca Delta has been divided into three parts according 
to the present rates of deposition: active (continual sedimentation), 
semiactive (sedimentation annually) and inactive (little sedimentation except 
at extreme flood stage). The active parts of the delta are close to the 
water level of the lake. This part is devoid of vegetation and shows active 
depositional features such as extended levees, crevasses, crevasse deltas 


and enclosed lakes. 


The semiactive parts are covered with sparse vegetation and are above 
lake water most of the time. The growth of vegetation in these areas 
is inhibited by considerable sedimentation (silt and very fine sand) during 


flood stages. 


The inactive parts of the delta do not receive inorganic sediments at 
rates which inhibit plant growth and these areas are well above most lake 
water levels. Large portions of the inactive areas do not receive any 


sediment at present. 
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This classification and division is based on a detailed examination 
of air photographs supplemented by field data wherever possible. Map 5 


shows the distribution of the three divisions. 


sedimentation in the Peace Delta 

For much of the year the Peace River bypasses the Peace Delta and 
consequently most of the river's bedload is carried downstream to the Slave 
River and is not deposited in the Delta. During high flood stages considerable 
inflow from the Peace River into Lake Athabasca takes place through the 
Baril River, Chenal des Quatre Fourches, Riviere des Rochers and its fork 
Revillon Coupe. At the turn of the century the Claire River was also active. 
Very little bedload of the Peace River entered these channels during 
flood stages, and hence only silt and clay were deposited in Lake Athabasca. 
At low water stages (most of the year), the channels serve as outlets for 
Lake Athabasca water. The rate of sedimentation in the Peace Delta is 
periodic (high floods) and the areas are classified as semiactive. In the 
semiactive parts of the Peace Delta only silts and clays are present, in 
contrast, the semiactive areas of the Athabasca Delta is deposited during 


floods. 


The upstream regulation of water levels of the effectively moderate 
high floods in the Peace Delta and hence eliminates sediment deposition in 
the Peace Delta. Some erosion may take place of the deltaic sediments in 
the semiactive portions. In the vicinity of Fort Chipewyan the absence of 
high floods on the Peace River may lead to deepening of the channels mentioned 


above. 


Barrier Islands 

An elongated bar extends from Fort Chipewyan to Old Fort Point across 
the mouths of the active distributaries of the Athabasca Delta. This bar is 
made primarily of sand which is highly compacted in places. In 1969, Professor 
A. A. Levinson (University of Calgary) sampled the sediments of the subaqueous 
portion of the Athabasca Delta. He found sampling to be a problem since the 


sand was so compact that the sampler would not penetrate. The origin of the 
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barrier island or bar is complex. The sand deposited over a wide area in 
front of the distributaries becomes subjected to intense wave action by the 
deeper waters of Lake Athabasca. The sand is rewashed, sorted and generally 


piled up into the bar shape. 


Bars such as these are called barrier islands if the surface of the 
bar is occasionally above water level. The bar in Lake Athabasca is above 
water level at very low levels of Lake Athabasca and therefore it may be 


called a barrier island. 


sunpicral Deposits or the Delta 


The surficial deposits in the delta region are sand, silt, and clay, 
with silt predominant. Appendix 1 gives mechanical analyses of drill-hole 
samples of the deep holes on the west shore of Lake Claire and some of the 
hand auger samples of shallow holes in the delta. Locations of the drill] 


holes are shown on map 2. 


Samplesuat rom ihand-auge heho.lessE4) gee -angtcagfh-hyek-2, and Dz3,are sof 
similar composition, made up of silt (60 to 70 percent) and clay (20 to 
4hO percent) with smaller amounts of sand (less than 10 percent). (These holes 
were bored across distributary levees (i.e. 90 degrees to the direction of 
flow) and the numbers following the letter designate the position in the 
drilling profile. Number 1 is close to the distributary channel and higher 


numbers extend successively towards the lake adjacent to the levee). 


Drilling logs of the auger borings are given in appendix 2. Some of 
the logs give the composition of the materials as silt, and others show more 
variation in the deposits. They all show that the predominant material is 


silt with clay. Sand constitutes only a small portion of the deposits. 


A helicopter survey performed by the senior author shows that silt 
and clay covers most of the inactive part of the delta (inactive part 
designated on map 5). The active and semiactive parts of the delta and 
levees along the Athabasca River and other major channels of the delta 
contain considerable amounts of fine-grained sand. Similar results were 


obtained by Lindsay et al. (1962). 
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The occurrence of silt and clay at the surface throughout the delta 


region is due to periodic inundation by sediment-laden flood waters. 


There are two causes of floods in the Athabasca Delta. The first is 
floods resulting from ice-jams which occur during break-up in the spring. 
Very large ice-jams form on the Athabasca and Embarras Rivers near Richardson 


Lake and these rivers overflow their banks and flood the surrounding delta. 


The second type of flood occurs in July and results from high precipi- 
tation and high runoff. It also causes bank overflow and inundates many of 


the deltaic lakes. 


The ice-jam flood in the spring of 1971 was observed by the senior 
author. During this flood, flood waters from the Athabasca River containing 
suspended silt and clay inundated most of the delta south of the Athabasca 
River and large areas along Mamawi Creek and the terrain between the Embarras 
River and Lake Claire. During the July flood of the same year much of the 
terrain was inundated. The authors have examined an aerial photograph 
mosaic taken during that flood and the results of the flooding appear 


similar to the results of ice-jam flooding. 


At both times most of the deltaic lakes of the Athabasca Delta were 
flooded with water carrying a suspended load. These floods and similar 
periodic floods during the past (most commonly annually) account for the 
surficial deposits of silt and clay found throughout the inactive parts of 
the Peace-Athabasca Delta. In the active and semiactive parts of the Delta 


very fine- to medium-grained sands are deposited. 


Wave Action 

Deposits of fine- to medium-grained sand are found along extensive 
beaches throughout the inactive part of the delta. These beaches have been 
mapped from aerial photographs and are shown on map 4. They have a 
northeast-southwest orientation that reflects the direction of the 
prevailing storm winds (and hence the beach forming winds) from the 


northwest. 
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A comparison of 1927, 1950 and 1970 aerial photographs reveal that 
wave erosion has breached levees in two locations during that period. It 
may be postulated that wave action is responsible for much of the truncation 


and destruction of levees in the inactive and subsided areas. 


Atterberg Limits of Deltaic Sediments 


Liquid and plastic limits were determined on four samples collected 

in 1969. Three of the samples were from dry delta flats (i.e. former deltaic 
lake beds) and one is from the levee of the Athabasca River. Sample locations 
are shown on map 2. The levee sample is made of very fine-grained sand and 
has a very low liquid limit and plastic index (sample LB-69-93-2). The other 
three samples (LB-69-93-3, LB-69-95-1, and LB-69-95-2) are of medium 
plasticity (Fig. 2) and under normal conditions soils having these physical 
properties are suitable for the construction of highways and other structures 


designed to support loads. 


The Delta's surficial deposits are very similar in composition. From 
this data it follows that if the three samples are representative of the 
soils found in the Delta, there should be little problem in constructing 
all-weather roads through the area. It should be pointed out that this 
conclusion is based on the analyses of only three samples. However, a more 


thorough survey should substantiate this conclusion. 


Subs i dence 

Silts and clays are deposited in an oozy state in aqueous environments 
and thereafter undergo considerable compaction after expulsion of the 
interstitial water. Silts and clays may compact as much as 90 percent of the 
depositional volume. Most of the compaction takes place very shortly after 
deposition, but compaction continues for a much longer time. Many deltas 


around the world show compaction and the resultant subsidence. 


Subsidence in the Peace-Athabasca Delta is characterized by the 
following: levees below lake water levels, truncated levees close to lake 
water level and partially destroyed by wave action, and levees in the 


process of being destroyed or breached by wave action. 
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Map 6 was constructed showing terrain that has undergone subsidence 


according to the above criteria. 


Subsidence areas are more extensive in the Peace Delta than in the 
Athabasca Delta. This is to be expected because the Peace Delta is made 
up of a greater proportion of silt and clay than the Athbasca Delta. The 
Birch Delta also shows significant subsidence. No subsidence was visible 
in the active or semiactive portions of the Athabasca Delta, but there are 


some indications of subsidence in the semiactive portion of the Peace Delta. 


Deltaic Perched Water Table Lakes 

During high floods all deltaic lakes receive silt- and clay-laden 
waters from the Peace and Athabasca Rivers. These flood waters carry only 
the suspended load of the rivers to the lakes as the coarse material settles 


out on the levees. 


Flood waters usually remain in these lakes for sufficient time to allow 
silt and clay to settle out and this clay provides a uniform, impermeable 
lining to the bed of many of the deltaic lakes. Most of the clay minerals 
present in the sediments contain a high proportion of montmorillonite 


derived from bentonitic Cretaceous Formations. 


The evaporation from lake surfaces in the Delta area approximately 
equals the annual precipitation. Hence, lake levels should remain constant 


where no direct drainage is involved. 


Some deltaic lake levels are maintained with flood water and because 
precipitation is equal to evaporation the levels tend to remain at their 
high level for a long time. Lakes with drainage channels or open lakes 
connected directly to the main lakes will adjust their water levels in 
response to the water level at the outlet or to the main lake level. Closed 


lakes will not necessarily respond to changes in levels of the major lakes. 


Closed lakes in the delta area which have a significant clay lining, 
(and most of them do) maintain or change their levels regardless of the 


levels of the major lakes. A heavy rainfall will raise the levels of these 
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lakes very quickly and the high levels will persist for a long time. These 


lakes are called perched water table lakes. 


Subaqueous Sedimentation 


The subaqueous portions of the Athabasca and Birch Deltas have been 
sampled by Dr. A. A. Levinson and aliquots of the samples were supplied to 
the authors. The results of sieve analyses on the samples (wet sieving through 
a 250 mesh screen) are shown on tables 1 and 2, appendix 4. Sample locations 
are shown on map 2. Samples from the subaqueous portion of the Birch Delta 
are numbered 1 to 19 and the remainder from Lake Athabasca are numbered 23 
to 50. Figure 3 shows the sand percentage at the sample locations in Lake 


Claire, and figure 4 shows sample location in Lake Athabasca. 


In Lake Athabasca the distribution of samples that are predominantly 
sand correspond to the position of the barrier islands described previously. 
Samples north and northeast of the barrier islands are almost exclusively 


silt and clay. 


Sediments of the subaqueous portion of the Birch Delta are composed 
predominantly of silt and clay. Two samples (7 and 19) each contain about 


40 percent of sand. 


Subaqueous Birch Delta sediments are predominantly silt and montmori1- 


lonitic clay derived from Cretaceous Formations in the Birch Mountains. 


The sand fraction of the Birch Delta Sample was examined under the 
microscope and was found to be composed predominantly of iron oxide oolites 


derived from the Cretaceous Formations. 


Relative Ages of Delta Segments 


Deltas change the locations of their active distributaries from time 
to time and thus different segments of the delta receive renewed sedi- 
mentation. The Peace and Athabasca Deltas are subdivided into four age 
categories and the Birch Delta into two by using the amount of peat 
formation, the degree of destruction of the delta, subsidence of the delta, 


and the unaltered, new appearance of distributaries (Map 3). 
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The relatively older delta segments are not correlated between the 
individual deltas (i.e. area 3 in the Peace Delta and area 3 in the 


Athabasca Delta are not necessarily the same are). 


The oldest segment of the Athabasca Delta is estimated to be about 
3000 years in age (determined on the basis of peat three feet in thickness, 
which is known to accumulate there at a rate of one foot every 1000 years). 
No attempt was made to date the surface of the lobes of the Peace and 


Birch River deltas. 


Changes in the Size of Lakes 

Aerial photographs taken in 1950 were compared with photographs 
taken in 1970. It was noted that the dimensions of many deltaic lakes 
changed, some became larger while others became smaller. A map has been 


constructed showing the dimensions of lakes in 19/0 compared to 1950 (Map 7). 


At the time of the 1950 photography (September 10, 1950) the level of 
Lake Athabasca was 684.2 feet above sea level. During the 1970 photography 
(October 15, 1970) the Lake Athabasca level was 682.0 feet. 


Map 7 shows that open deltaic lakes and most lakes connected by 
channels or crevasses to flowing or open water decreased in area whereas 
most of the closed lakes increased in area. The closed lakes are perched 
water table lakes (as described above) and these lakes are not connected 
to flowing or open water. It is postulated that the heavy rainfall just 
prior to the 1970 photography filled these lakes and consequently the 
occupied larger areas. Lakes which decreased in area are connected to open 
water of the major lakes and consequently adjusted their level to correspond 


with the water level of Lake Athabasca. 


Low Water Levels of Mamawi Lake 
Aerial photographs taken in 1970 show partly buried drainage channels 
and dendritic erosion patterns in the deepest portions of Mamawi Lake. 


Mamawi Lake is so shallow that on these photographs its bed may be observed 
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through the lake water. The formation of dendritic drainage patterns on the 
bed of Mamawi Lake requires that the lake bed be dry at some time in the 
past. It is not known when such low water levels existed, but a rough 
estimate would be sometime during the last 200 years. As Mamawi Lake is 
directly connected to Lake Athabasca, the low water stage must also 
correspond to a similar low water stage in Lake Athabasca. Such a low 
water stage (or stages) is lower by about 4 feet than the October 15, 1970 
level of 682.0 feet. 


Athabasca River Meander Near Embarras Portage 


The outside of a large meander on the Athabasca River near Embarras 
Portage is actively eroding its west bank and in the near future the 
river will cut through at this point and flow into the adjacent Embarras 
River. Further details on this situation are included in two reports in 


appendix 5. 
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DRILL HOLE LOGS 


The holes were drilled by Dr. Grant Nielsen, Water Resources, Alberta 
Government, in the spring of 1972. The following are drilling logs based 
on field description. Genetic interpretation of surficial geological 
materials is by the authors of this report. 


Hole No. H-] 
Date: March 12, 1972 


Depth (ft) 
Glaciolacustrine 
0-40 silt, light brown, calcareous, soft 

40-88 silt, light grey, calcareous, soft 

88-145 sandy silt, light grey, calcareous, soft 
Glacial 

145-156 till, light grey, gypsum and granite pebbles 
Glacial outwash 

156-170 sand, poorly sorted, calcareous 
Bedrock 

Lor end of hole - too hard to drill, bedrock? 


Hole No. H-2 
Date: March 13, 1972 


Depth (ft) 


Glaciolacustrine 


0-6 peat, black, soft 

6-32 silt, light grey, calcareous, hard 

32-40 silt, light grey, very soft 

4O-48 sand, very fine, slightly silty, calcareous 
48-80 silt, light grey, very soft, calcareous 

80-88 silt, clayey, light grey, calcareous, very soft 


Glacial outwash 

88-89 sand and gravel, pink clay, quartz pebbles, gypsum, 
glacial permafrost at 89 feet - temperature of 
samples - 5°C. 


Hole No. H-3 


Date: March 14, 


Depth (ft) 
0-16 
16-105 

hoo lhe 


hae 


Hole No. H-4 


Date: March 14, 


Depth (ft) 
0-8 


-11 
11- 


Hole No. H-5 
Date: March 15, 


Depth (ft) 


1972 


Glaciolacustrine 
silt, sandy, grey, calcareous, soft 
silt, light grey, calcareous, soft 


Glacial 
till, reddish, very sandy, gypsum pebbles 


Bedrock 
end of hole, bedrock, gypsum, bedded, white to pink 


1972 


Glacial 
till, gypsum, limestone and granite pebbles 
and cobbles 


Bedrock 
bedrock, gypsum, white, soft, bedded 
end of hole 


1972 


Alluvial and deltaic - Peace River 

sand, some wood fragments 

silty sand, wood fragments 

sand, angular to subangular, calcareous, 
occasional organic layers 


Glaciolacustrine 
silt, light grey, calcareous, soft 
sand and fine gravel, granite and quartz pebbles 
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Hole No. H-6 
Date: March 16, 1972 


Depth (ft) 
Organic en kecent 
0-4 peat, black, soft 
Glaciolacustrine 
4-227 silt, grey, sticky, calcareous 
Bedrock 
22) °232 bedrock, claystone, brick red, gypsum 
OMS Wii end of hole 
Hole No. WW 
Depth (ft) 
Deltaic - Peace River 
O=25 Sand 
Glaciolacustrine 
1A tot Softens lt 
Outwash, till? 
591-392 gravel with granite boulders 
Bedrock 
392-400 bedrock, red shale, soft 


LOO - end of hole 


Dez 


Sire) 


Boule 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Li thology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


APPENDIX 2 


HAND AUGER DRILL HOLE LOGS 


NE-21-9-111-W4 
0-10 feet - silts 
NE-21-9-111-W4 
0-10 feet - silts 
NE-21-9-111-W4 
0-10 feet - silts 
Lsd 6-29-9-111-W4 
0-10 feet - silts 
Lsd 8-29-9-111-W4 
0-10 feet - silts 
Lsd 8-29-9-111-W4 
0-10 feet - silts 
Lsd 11-27-9-111-W4 
0-10 feet - silts 
Lsd 12-27-9-111-W4 


0-10 feet - silts 
Lsd 9-6-6-109-W4 
0-4 feet - sandy silt, organic material 
4-8 feet - sand, very fine, calcareous 


8-10 feet - sandy silt 
Lsd 9-6-6-109-W4 


0-2 feet - silt, organic material 
2-6 feet - sandy silt 
6-8 feet - silty sand, very fine 


8-10 feet - sandy silt 


Lsd 9-6-6-109-W4 
0-2 feet - sandy silt 
2-6 feet - sand 
6-8 feet. = srlt 
8-10 feet - sandy silt 


Lsd 8-6-6-109-W4 

O-4 feet - sandy silt 
h-6 feet - silty sand 
6-10 feet - sandy silt 


Lsd 12-5-6-109-W4 

0-6 feet - sandy silt 
6-8 feet - silty sand 
8-10 feet - sandy silt 


1 Drill hole number 
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E-3 


F-2 


G-3 


G-4 


Ga 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Location: 


Lithology: 


Lsd 5-5-6-109-W4 

0-6 feet - sandy 
6-8 feet - silty 
8-10 feet - sandy 
Lsd 7-36-109-6-W4 
0-8 feet - sandy 
8-10 feet - silt 

Lsd 8-36-109-6-W4 
O-4 feet - silty 
4-8 feet - sandy 
8-10 feet - sand 


NE-21-12-114-W4 


silt 
sand 
silt 


silt 


sand 
Salt 


O-1 feet ~ organic! siilt 


1-4 feet - silt 
SW-16-12-114-W4 


O-1 feet =, clay,. organic material 
InZ. feetlasLht. organic material 


NW-5-12-114-W4 


3 
.0 feetd-“Si-Lty)sand 
5 
0 


-0.8 feet - silty clay 


very fine 


very fine 


feet - sand, fine 


feet - sand, very fine 


0-0 
0.8-1 feet - sand, 
L332 

2-4.5 feet - sand, 
45-9 
NW-29-12-113-W4 

0-0..3 .feaa-— loam 
0.3-0.5 feet - clay 
0.5-U.0 Feeties Silt 

1-920 

9-10 jefeetige si lity 


Sticky 
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APPENDIX 3 
MECHANICAL ANALYSES 


Mechanical analyses of drill hole samples collected by Dr. Grant Nielsen, 
Water Resources, Alberta Government. 


Sand-silt-clay percentages of drill hole samples 


Drill Depth Drill Depth 
Hole No. (rt.)¥eSandQ Si lt*eC lay HolewNa.) “(fts).eusand = Silt Clay 
Ds 10 10 73 7 F=-2 2 6 65 29 
E=| Z 20 68 liv Fae’ h 0 5 43 
E= | 4 13 70 17 B=2 6 4 54 Ty) 
E-] 6 8 7 21 F-2 8 9 63 28 
E>] 8 7 71 Ze F=2 10 | 35 24 
E-] 10 5 69 26 H-6 24 6 5 4g 
E=2 2 5 i. 18 H-6 LO 8 62 30 
E-2 h 19 66 15 H-6 64 6 4g 48 
E-2 6 y) igs 20 H-6 80 Z 73 25 
EZ 8 3 74 23 H-6 104 2 58 40 
Ea 2 10 5) 71 24 H-6 120 4 65 31 
Ears fi 3 74 23 H-6 136 0 ko BS 
b=5 4 3 66 31 H-6 168 0 hs ie) 
E=3 6 3 63 34 H-6 184 0 24 76 
Eas 8 5 a5 20 H-6 192 0 4 96 
E35 10 3 74 23 H-6 216 5 34 61 
al | Z 10 73 17 
seen hk 8 71 ya 
F-] 6 8 68 24 
fet 8 4 69 27 
Ro 10 6 WL 22 
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APPENDIX 4 


ANALYSES OF SUBAQUEOUS SAMPLES 


Table 1. Analyses of subaqueous samp les ! - Lake Claire 


SL sn eeregne 


Sample Sand2 Silt & Clay2 Samp le Sand e'Silt et lay 
De? 99.79 1 0.20 99.80 
2 1.40 98.60 12 1.40 98.60 
3 0.18 99.82 13 0.16 99.84 
4 0.16 99.84 14 0.50 99.50 
5 0.12 99.88 15 O17 99 .83 
6 1.60 98.40 16 1.00 99.00 
7 4h 00 56.00 17 1.10 98.90 
8 3.00 97.00 18 1.60 98.40 
9 0.30 99.70 19 39.00 61.00 

10 0.81 99.19 


I si Ni a ee Se 
Samples collected by A. A. Levinson, Department of Geology, 
University of Calgary 


2 Sand, silt and clay in percentages 


Table 2. Analyses of Subaqueous Samples! - Lake Athabasca 


Samp le Sand2 Silt & Clay? Samp le Sand Silt & Clay 
23 42.00 58.00 39 8.50 91.50 
24 5.20 94.80 IR) 30.40 69.60 
25 20.50 79.50 4] 0.25 99.75 
26 50.00 50.00 42 0.20 99.80 
2-7, 28.00 72200 43 0.61 99.39 
28 43.60 56.40 hh Pa 98.83 
29 20.90 79.10 4S 43.20 52.80 
32 40.20 59.80 46 59.00 41.00 
33 0.16 99.84 47 19.00 81.00 
34 0.49 99.51 48 0.40 99.60 
35 0.18 99.82 kg 60.30 39.70 
36 Onyy 99.78 50 14.00 86 . 00 
37 0.77 99.23 30 very fine sand 
38 3.50 96.50 31 very fine sand 


Samples collected by A. A. Levinson, Dept. of Geology, 
University of Calgary. 


2 Sand, silt and clay in percentages 


3 Field description only 
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APPENDIX 5 


Reports by T. Blench and L. A. Bayrock on the condition 


of the meander on the Athabasca River near Embarass Portage. 


N39 
14203 =— 54 Avenue, 
kdmonton, Alberta 


May (th, life 


Mr. D. M. Hornby, Director, 
Peace = Athabasca Delta Project, 


) 
512 Baker Centre 
10025 = 106 treo MY 


Kdmonton, Alberta. 


Dear Mr, Hornby: 


Geologic Conditions of the Athabasca River Bend near Imbarras Portage. 


ie The following are my additions to and discussions of the report 
submitted to you by Dr. T. Blench and Associates Ltd. dated April 28th, Toles 
in which hydrologic and engineering conditions of the bend of the Athabasca 
River near Mnbarras Portage.The bend constitutes a meander of the Athabasca 
River in the upper portions of the Athabasca Delta. The meander was visited 
on April 13th, 1972, by helicopted with Messrs. Blench, Yaremko, Card, and 
Root, while the Athabasca River was still frozen. 


2 The previous spring, April 27th and 28th, 1971, the meander was 
inspected only from the air as it was in a high flood stage caused by ice 

jams downstream from the location. A description of the conditions in the 

spring of 1971 is given in the report on geologic situations at the proposed 

dam site locations in the Athabasca — Peace delta. The report was submitted 

to Re “. Hardy and Associates Ltd., Hdmonton, and a copy of it has been forewarded 
to you on May 6th, 1972. A Xerox copy of the pertinent pages of the report 

are enclosed. The possible changes resulting from a breakthrough of the Atha- 
basca River into the Bmbarras River were discussed in the report and these are 
essentially the same as held by me at present. 


wt On April the 13th of this year the width of the land between the 
Athabasca and the Embarras rivers was measured — it was found to be 174 feet. 
The measured traverse is markes with seismic tape on trees. Upon closer 
examination it was realized that the measured traverse is perhaps ten feet 
longer than the shortest distance by about ten feet. In other words the 
shortest distance between the two rivers may be close to 165 feet. 


On the basis of aerial photosraphs taken from 1927 to the present 
it has been estimated that the average yearly erosion rate of the bank 
between the two rivers is about 4 feet. But it should be noted that the 
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rate of erosion has been on the increase the last few years, and may be close 
to 45 feet per year at present. 


i The bank is mainly made of very fine sand and some silt which 
is very susceptible to erosion. The heivht of the bank 3s measured above 
the ice of the Athabasca River was about 14 feet and on the Embarras 

side it was the sare. 


6 I agree with Dr. Blench that the Athabasca River may bypass the 
meander and cut through the meander loop shortening its course and bypassing 
the bend. 


lie On the other hand if the Athabasca River continues its cuttin= of 
the bank towards the Embarras River it may in a relatively sho-t time, within 
one to three yeirs empty itself into that river. 


8B. Dependins on flood conditions of the Athabasca River the break 
through may occur anywhere from one to three years. There were two floods 

at this location in 1971. The first was the ice jam flood in early May, and 
the secondthe normal runoff flood in July. At both times the Athabasca river 
overran its banks and also produced considerable erosion which unfortunately 
was not mei:sured. The July flood most likely caused the major amount of 
erosion of the banks as during the first flood the ground was frozen. 


96 If the break throuzh to the Embarras should occur first, and it 
is my opinion that this is most likely to happen, the whole or most of the 
Athabasca ltiver will be diverted into it in a very short time, maybe within 
days. 


LO The banks of the Embarras River are only about four feet hich at 
points south of the Mamawi Creek, as observed from the air but not measured 
on the ground. At this location there also occur a nu‘ber of incipient small 
channels caused by the overbank flow of the Imbarras River towards the 

Manawi Creek. Sone of these channels originate on the banks of the Imbarras 
River. 


ies The Kmbarras River is at present much smaller than the Athabasca 
River and alo occuni~s a narrower valley. In case of a brevk through the high 
water levelmay in a short time result in an avulsion towards Loke anavi via 
the Mamawi Creek. 
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As Lake Mamawi is very shallow and in a few years it would become 
completely silted up. The Athabasca River than would most likely flow 

directly to the Slave River through one of the many existing channels connecting 
the Peace River with Lake Athabasca. 


Iho After the break throurh of the Athabasca into the Kmbarras, 

the conbined waters in the Embarras may overflow the banks in the Mamawi 

Creek area and flow directly into Lake Claire. In this case the Lake would 

be silted up and the Athabasca would again follow one of the existing channels 
into Peace River. 


d4. The above observations are in accord with those exvressed by 

Dr. Blinch in his report. The only deviation is my opinion that under natural 
conditions the break through of the Athabasca River into the ttmbarrass River 
is nore likely to occur than the natural meander cutoff of the Athabasca River. 


15. The lack of precise surveys of the rivers in question and their 
banks most likely is the cause for small diversion of opinions. 


16. In view of the ove arguments and the shortness of time,l would 
favour the followins steps to/undertaken as soon as possibles 


1) Survey of the rivers and their banks in the area under 
consideration as outlined by Dr. Blench. 


2) Follow up of the conclusions reached from the surveys by scaled 
model studies. 


3) Actions on stabilization of the Athabasca River at the 
bend should commence within one year or sooner. 


Bkiea Geologically speaking, the Athabasca delta is in an extremely 
unstable state at present, with the Athabasca River being overextended. 

If left under natural conditions the Athabasca River will change its course 

to flow into Lake Claire or Mamawi Lake in the very near future. Silting un of 
the lakes,and the River bypassing the delta without deposition woul’ follow. 


A hh 


DeA. Bayrock, Ph.D. 
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YOUR FILE 


Api alinctee 1977. 


Peace-Athabasca Delta Project, 
512 Baker Centre, 

MU0ZSes 0G St. 

EDMONTON, Alta. 


Attention: Mr. D.M. Hornby, Director. 


Dear Doug: 


Athabasca River Bend near Embarras Portage. 


1. I appreciated, greatly, the visit to Fort Chipewyan on 
13th, 14th April with Messrs. Bayrock, Root, Yaremko and Card. 
Our combined knowledge proved most valuable and we soon found 
agreement in principle on major points; details can be settled 
when special hydraulic survey information becomes available. 
The problem of the bend is relatively simple technically, but 
it is linked with the situation that the Athabasca is headed for 
an avulsion into Mamawi Lake or Claire Lake near the bend site. 
Without specific figures I do not think any of us could guarantee 
that such an avulsion was impossible during the next few years. 
If it occurred I should expect a major diversion to develop within 
a couple of days, so the matter is serious. I shall give you opinions 
and recommendations under the titles THE BEND and THE AVULSION so 
as to avoid mixing my specific task with the related one which you 
may not have had cause to expect. 


THE BEND. 


2. pee Fip. 4) (tracedetrom one ‘of your air jphotos).., The ratio 
of flow path ABC to potential cut-off length AC is about 5.5. So, 
without any calculation, it is clear that the bend will cut-off 
with very little incentive if water can spill over paths like AC 
(which has an incipient channel already), or DE. The more the bend 
moves outward the more likely the cutoff. Experience shows that 
cutoffs with this large ratio can develop to almost full river 
Size in a couple of days. 
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3. Until a cutoff occurs the bend will continue to move out- 
ward and one major flood is probably sufficient to cause it to 
breach into the Embarras River. 


4. Because of the proximity of the head of the Embarras to 
the bend the water level in both rivers at the bend is about the 
Same at all stages, so the breach should not cause the Embarras 
to start enlarging as a whole. 


5. After the breach has occurred the bend should continue 
to move outward till it hits the left bank of the Embarras. Flow 
conditions will be locally disturbed (a model could indicate the 
flow pattern); sooner or later, the Embarras left bank will erode. 


6. There are no survey data of the left levee of the Embarras. 
We know that it has small depressions along its edge between a and 
b in Fig. 2, and that definite channels start not too far (relative 
to a river breadth) from the edge and run to the lakes. Also 
Dr. Bayrock has seen water spilling over the levee during ice-jam 
flooding and running rapidly as a wide sheet; so an avulsion has 
been prevented, so far, by the frozen state of the ground plus 
vegetable cover. 


7. If a cut, even very tiny, started through the levee in 
high flood so as to connect with any of the definite streams into 
Lakes Mamawi or Claire, and the ground were not frozen, I should 


expect a full-size river to develop in. a couple of days. 


8. The consequences of such a happening are so alarming that 
I recommend an immediate survey of the whole levee from a to b in 
Fig. 2, combined with hydraulic survey of the adjacent river and 
relevant extensions by an expert organisation (Alberta Research 
Council's River Section is the obvious one). The ground survey 
should include inspection of the river edge for incipient outfall 
Streams, no matter how small, and should proceed towards the lake 
till obvious flat lake-shore ground is reached. The hydraulic 
survey should aim to establish maximum possible water-levels during 
thawed ground conditions and include all definite channels that 
could be occupied by an avulsion into a lake. 


9. There are four obvious actions to take relative to the bend: 


(i) Leave it alone but build banks along the left levee of the 
Embarras (far enough back from the river's edge to avoid the need 
for stone protection) in places and to elevations shown by the survey 
of item 8 to be necessary. If this is done the bend will cut off 
sooner or later -- probably sooner -- and remove danger for several 
decades. 
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(ii) Let it cut into the Embarras but give stone protection 
to the Embarras left bank. 


(111) Protect the Athabasca bend along B in Fig. 1, and give 
protection to the right bank of the Embarras, which is moving 
Slightly towards the Athabasca. 


(iv) Make an assisted cutoff along a path like AC in Fig. 1. 


10. Regarding costs of the actions data are poor, but I estimate 
as follows: 


(1) Survey must decide. It may show no action is needed at all. 


(ii) Probably requires half the work for the Athabasca portion 
Cte (ga 1)e 


(111) For the Athabasca about 2,000 feet of protection which, 
allowing for apron, would amount to covering some 60 feet of bank 
slope with a double-layer of 300 1b. stone of thickness about 2.5 
feet. Say 10,000 cubic-yards of stone. Add cost of making bank to 
Slope 1 upon 2 and proving a 1 foot thick underlay of pitrun gravel 
to act as a reverse filter. Add contingencies. For the Embarras 
protection I guess that length would be about 1,000 feet, so cost 
would be half. 


(iv) Here the navigation authorities would have a say in the 
alignment and, if they wanted a much longer one, then the cross- 
section would have to be more for hydraulic reasons. I made a first 
estimate by specifying that the bed of the cut should be 3 feet 
lower than lowest annual flood and guessing that the present 
incipient channel had its bed only three feet below general high 
bank level. That gave 12 feet of cut (and I had to estimate the low 
flood level too, for lack of hydraulic survey data). Allowing 20 
feet bed-width and 1 upon 2 sides in the probably silty material, 
the cross-section is@2 x 42,sq.it. This is a tight figure, so 
assume 600 sq.ft. and 3,000 feet length, to give 60,000 cubic 
yards. If we are allowed a minimum cutoff length and ground level 
is lower than I guessed the amount could probably be halved. 


11. The economics of a cutoff deserve consideration. First, 
a natural cutoff would occur sooner or later, and I think it will 
be sooner. When it does it has a considerable possibility of being 
along a path like DE which may be most awkward for navigation; we 
could make one to navigation requirements, though it would call 
for some dredging downstream through the shoals caused by the 
river eroding the cutoff to full size. The shoaling could be 
trifling if, as is likely, the material at the cutoff site is 
mainly fine sand and silt which would pass off in suspension. 
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Again, the cutoff would produce a drop in flood levels at the bend 
of about 2 feet, and this would not be lost for several decades; 

the saving in possible diking along the left levee of the Embarras 
might pay for the job. A simple model costing a few thousand dollars 
could demonstrate the amount of shoaling downstream of a cutoff 

of this type, and give some idea of rapidity of development. 


12. If a cutoff is contemplated then a hydraulic survey of 
the whole bend and environments is required to give exact water- 
levels and their distribution with time during likely floods. In 
addition a couple of bores would be required along proposed cutoff 
alignments. 


THE AVULSION. 


13. Briefly, the hydraulic path from the vicinity of the bend 
to either Lake Mamawi or Lake Claire is about a sixth of that to 
Lake Athabasca which is at about the same level as the other two. 
So the imminence and violence of a cutoff, assuming Embarras spill 
finds a starting path, is just about the same as expected for the 
Athabasca bend. Presumably the Quatre Fourches are the relic of an 
Older Athabasca River that went along Mamawi Creek. I can imagine 
that reversion to the old river might be good in the end, particularly 
if the unauthorised blocking of the Claire River at Sweetgrass were 
removed, but I cannot imagine anyone taking the responsibility for 
letting it happen by accident or giving it a blessing! 


14. An interesting speculation is that the avulsion might 
have occurred in last summer's record high rain flood but for Lake 
Athabasca being lower than normal because of the dam, and the river 
itself being somewhat lower again because of the years of DPW dredging 
preventing the river from aggrading at the bend as much as it would 
have done naturally; the dredging could also be a cause of Lake 
Athabasca being a little lower. 


15. I see no difficulty in checking the possibilities quantita- 
tively if present information of all kinds (general survey, ecology 
and geology) are supplemented by a scientific river regime survey 
of the system -- which has to include the main stems of the rivers -- 
according to the full routine developed by the River Division of 
the ARC. Without this supplement the quantitative effects of various 
actions, their development with time, and their economics cannot be 
evaluated. 


16. I trust this meets your immediate needs, and shall be glad 
to take any further action you wish. 


Yours sincerely, 


pp ETD. 
x 


T.. Blench, Ps bne. 
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SUMMARY 


The results of the water quality study on the Peace-Athabasca Delta showed 
from the monitoring program that the rivers and streams inflowing to the delta 
with local drainage basins contained more total dissolved solids per unit 
volume of water than the streams inflowing from the west, and that the in- 
flowing streams draining the Canadian Shield contained the least total dissol- 


ved solids per unit volume. 


The annual discharge-weighted averages of total dissolved solids showed the 
streams with local drainage basins, the Birch and Mclvor Rivers, to contain 
240 and 360 mg/1, respectively. The highest discharge-weighted averages 
occurred during the low discharge periods but the Mclvor River showed a higher 
total discharge-weighted average during the high discharge period than during 
the intermediate discharge period, whereas the reverse was true for the Birch 
River. The annual discharge-weighted average for the stream from the west, 
the Athabasca River, was 216 mg/l. This river also contained the highest 
discharge-weighted averages during the low discharge period and the lowest 


discharge-weighted averages during the high discharge period. 


Lake Claire showed a high of 3837 mg/l for a total volume-weighted average 
during the low discharge period and a low of 422 mg/l for a total volume- 
weighted average during the high discharge period. Lake Mamawi was dry during / 


the low discharge period but showed a higher total volume-weighted average 
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during the high discharge period than during the intermediate discharge 
period. Lake Athabasca showed relatively equal total volume-wei ghted 
averages for the low and intermediate discharge periods, approximately 

96 mg/1, and 48 mg/l total volume-weighted averages for the low discharge 


periods. 


Flow data was not available for the Riviere des Rochers during the low dis- 
charge period, but this river showed total discharge-weighted averages of 
140.mg/1 for the intermediate discharge period and 159 mg/l for the high 
discharge period. These values when compared to such values for Lake 
Athabasca and the Athabasca River indicate the major portion of the flow in 


this river is Athabasca River waters. 


The ice cover water quality survey conducted in 1971 showed Lakes Baril. 
Mamawi, Hilda, and Richardson to be frozen throughout, and Lake Claire to 
contain four inches of water under the ice in the deepest portion of the lake 
only. The shallow water, south-west, portion of Lake Athabasca was frozen 


throughout for a distance of approximately three miles into the lake. 


The results of this survey showed Lake Claire to be deviod of dissolved 
oxygen and to contain dissolved salts in the order of 2,800 mg/l. The in- 
flowing streams to this Lake, the Birch and Mclvor Rivers, contained dissolved 
oxygen in order of 3 mg/1l and 4.5 mg/1 and dissolved salts in the order of 
1,000 mg/1 and 2,400 mg/1, respectively. A dissolved oxygen survey of the 
Birch River conducted during the winter of 1972 showed levels of less than 


2 mg/| for a distance of 15 miles upstream from its mouth. 
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The Lake Athabasca results of this survey showed quite conclusively that the 
waters from the Canadian Shield (75 mg/1 dissolved salts) do not mix with 
water from the west, the Athabasca River with a dissolved salt content of 
225 mg/l. The dissoived oxygen levels in Lake Athabasca waters under the ice 


were shown to be in the order of 8 mg/1. 


The ice cover survey results also showed that Lake Claire waters contained 
relatively high concentrations of calcium, magnesium, sodium, potassium, 
bicarbonates, sulfates, nitrates and phosphates. Whereas the waters of Lake 
Athabasca contained relatively low concentrations of these elements. In 
addition, abnormally high concentrations of barium, boron, carbon, copper, 
iron, lithium, manganese, and strontium were also found in Lake Claire waters. 
The concentrations of these minor elemenets were shown to be insignificant 


in Lake Athabasca waters. 


The preliminary lakes sediment survey results showed that 40 to 70 percent 
Calcium.s oO. to.w0 percent magnesium, 30 to 35 percent sodium, 30 to 4QO percent 
manganese and 10 to 25 percent potassium of the total acid soluble quantities 
of these elements were held in exchangeable form on the lake bottom sediments. 
The results also showed that quantities of these elements present in the 
sediments in order of decreasing values were calcium, magnesium, potassium, 


manganese, and sodium. 


The chemical loading results for 1971 water year show that the contributions 


of total dissolved salts to Lake Claire were 208 x 102 metric tons from the 


Birch River and 56.3 x 10? 
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metric tons from the Mclvor River, making a total 


of 264.3 x 10° metric tons from these sources. Lake Claire was shown to 
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discharge 174 x 103 metric tons of total dissolved solids to the Prairie 
River, and Chenal des Quatre Fourches contributed 211 x 102 metraiicetons oF 
dissolved solids to Mamawi Lake. Also, during this period Lake Mamawi 
discharged to the Chenal des Quatre Fourches 173.9 x 10° MEL rice COnseor total 


dissolved solids. 


The calculated results, based on the assumption outlined in the chemical 
loading section of this report, for the hypothetical 5-year sequence for the 
Lake Claire-Lake Mamawi Basin System show that this basin system will receive 
25,07 Wel 10? metric tons and discharge 1,351 x 10? metric tons of total 


dissolved solids. 


The chemical balance results calculated from the chemical loading data show 
that Lake Claire received 264,247.9 metric tons, discharged 174,089 metric 
tons, and retained 90,158.8 metric tons of total dissolved solids during 
1971, and that Lake Mamawi received 211,270.9 metric tons, discharged 
173,888.2 metric tons, and retained 37,382.6 metric tons of total dissolved 


solids during the same period. 


The chemical balance results for the hypothetical 5-year sequence for the 
Lake Claire-Lake Mamawi Basin System show that this system will receive 
2,107,680.3 metric tons, discharge 1,351,250.7 metric tons, and retain 


720,429.5 metric tons of total dissolved solids over the 5-year period. 
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INTRODUCTION 
This water quality study of the Peace-Athabasca Delta was initiated in 
response to a request from the Director, Peace-Athabasca Delta Project - a 
Canada-Alberta-Saskatchewan project conceived to investigate local concern 
that a decline in water levels in the delta complex, brought about by controls 


on the Peace River, poses a threat to the delta's eco-system. 


This study, one of a number of studies, was designed to determine: 

(1) the unknown basic chemical constituents of the waters of inflowing and 
outflowing streams to the delta and of the waters of lakes in the delta 
area during each of the seasons over the 15 month period from March 1971] 
to June 1972; 

(2) to calculate the chemical balance of the water regime of the delta for 
the purpose of predicting chemical build-up in lake waters during natural 
and controlled water levels; and 

(3) to make reference to possible harmful environment effects attributable 
to chemical quality build-up in lake waters as a result of water level 


controls. 


This report discusses the factors affecting the chemistry of the waters in 
the delta complex, the significance of the various water parameters measured, 
the results obtained from the study and the chemical loadings to the system. 
lt provides a chemical balance of the water system with an accuracy dependent 
on the accuracy of the water quantity balance. And finally it provides 
conclusions from the study results and makes recommendations based on the 


findings. 
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STUDY OBJECTIVES z 


The objectives of this study may be defined as: 

}. To determine the quality of the waters in the delta complex during the 
winter, spring, summer, and fall seasons. 

2. To determine the chemical constituents and the concentrations of the 
constituents in inf low/out flow Streams and lakes of the delta complex 
during the four seasons of the year. 

3. To calculate the chemical loadings to and the chemical balance of the 


delta water system. 


FACTORS AFFECTING WATER QUALITY IN THE DELTA 
$$$ OT ELTA 


The chemical principles and processes that affect water quality are too many 
and varied to discuss at this time but the manner in which the processes 
operate, however, and their relative importance to the eco-system are control- 
ed by factors of a nonchemical nature. The significance of these nonchemical 


factors in natural water chemistry as related to the delta are here considered. 


Geo logy 


The ultimate source of most dissolved chemical constituents in water is the 


mineral assemblage in rocks near the land surface. 


The Peace-Athabasca delta is located in the northern portion of the Western 
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Fig.! Geology of Peace-Athabasca Delta 
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Canadian Sedimentary Basin and is underlain by halite-bearing Stratigraphic 
units of Middle Devonian, Elk Point Group which dip southeast, away from 
the Canadian Shield (Figure 1). Halite comprises approximately 5.7 percent 


of the rocks of the Middle Devonian, Elk Point Group. 


Surface evidence of these halite-bearing Stratigraphic units in the northern 


portion of the Western Canadian Sedimentary Basin is found in solution collapse 


Structures and saline springs. 


The hydraulic head in this region causes fresh waters from the surface to 
penetrate to Middle Devonian rocks and results in solution of the halites. 
The saline formation waters then move updip, discharging into the rivers 
flowing from the south and west or as springs along the valley of the 
Athabasca River. LaSaline is an example of such a spring which is found 26 
miles north of the Town of Fort McMurray and has a total dissolved solids 


content of 71,400 milligrams per liter of solution (Hitchon, et al 1969). 


Climate 

The processes of weathering are strongly influenced by temperature and by the 
amount and distribution of precipitation. However, the influence of climate 
on water quality goes beyond these effects. Climatic conditions tend to 
produce characteristic plant communities and soil types, and the composition 
of waters draining from such areas can be considered as products of ecologic 


balance. 


The semi-arid climate of the Peace-Athabasca delta consisting of long severe 


winters and relatively short moderately hot and dry summers is generally 
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characterized by alternating wet and dry periods. Such conditions favor 
weathering reactions that produce considerably larger amounts of soluble 
inorganic matter at some periods of the year than at other periods. Streams 
in this area tend to fluctuate greatly in volume of flow, and the water 
quality tends to have a wide range of chemical composition. This is partic- 


ularly so during the spring snow-melt period of mid May to July. 


In addition, direct runoff during’ the snow-melt period is severe and results 
in large quantities of mineral solid being carried into streams to react 
chemically with solutes, thus also affecting the chemical composition of the 


water. 


Soils 
Many of the processes that form soils are the same ones that control natural- 


water composition. 


Precipitation that reaches the soil surfaces ultimately appears as runoff or 


as ground water that has spent considerable time in contact with soil. 


The chemical composition of soil moisture (ground water) is influenced by many 
factors, such as the solution or atteration of silicates and other minerals, 
precipitation of sparingly soluble salts, selective removal and circulation 

of elements by plants, biochemical reactions producing carbon dioxide, 
sorption and desorption of ions by mineral and organic surfaces, and concen- 


tration of solutes by evapotranspiration. 


The soils surrounding the delta, in general, contain considerable quantities 
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of carbonates as shown by a base saturation in the range 90-100 percent. 

These soils, however, contain only small amounts of sodium and chloride ions. 
(Lindsey, sets lal 196 1)e Thus, streams flowing through these soil areas can 
dissolve sufficient quantities of calcium and magnesium carbonates to account 
for the hardness and alkalinity of the waters entering ane delta complex but 


would not account for the sodium chloride content of these waters. 


An investigation of the ground water in the west end of the delta complex 
showed the water, at depths of 140 to 160 feet, to contain sodium, sulfate, 
and chloride in ranges between 154 and 193 mg/l, 1300 and 1650 mg/1, and 200 
and 320 mg/l, respectively. These waters entering streams through bank 
seepage Or as groundwater springs would account for the sodium, sulfate and 
chloride content of the river waters entering the delta complex from the south 


and west. 


Drainage 

Two distinct drainage basins are associated with the delta complex: 

the drainage basins of rivers which enter the delta complex from the south 
and west, and the lakes and rivers with drainage basins entirely within the 


Canadian Shield which enter the delta complex from the east. 


Surface water quantity data (Anonymous, 1969) indicate that the major portion 
of the flow into the delta complex originates in rivers and streams entering 
from the south and west. A small portion of the flow enters from the east 


and the smallest portion from a few streams with smal] local drainage basins. 


The lakes and rivers with drainage basins entirely within the Canadian Shield 
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have total dissolved solids contents of less than 100 mg/1, compared to a 
range of 100-200 mg/1 for all major rivers which predominantly drain over the 
sedimentary rocks of the Western Canadian Sedimentary Basin. The smaller 
streams entering the delta complex from the west and south that drain over 


Middle Devonian sediments have total dissolved solids contents of 200-500 mg/1. 


The total dissolved solids contents of the water bodies in the delta complex 
area are, therefore, governed by the source of the inflowing waters. Thus, 
their total chemical content can be quite varied depending on the recharge 


source. 


SAMPLING LOCATIONS AND SAMPLING FREQUENCIES 
Water Quality Monitoring Program 
The descriptions of sampling locations, their latitude and longitude, and the 


frequency of sampling for each location are contained in Table |. 


Sampling stations are illustrated as to geographical locations in Figure 2. 


Water Quality Ice Cover Survey 


The descriptions of sampling locations, their latitude and longitude are 


contained in Table II. These locations were sampled on a once only basis. 


Sampling stations are illustrated as to geographical locations in Figure 3. 


Lakes Sediment Survey 


The description of sampling locations, their latitude and longitude are 


contained in Table III. These locations were sampled on a once only basis. 
Sampling stations are illustrated as to geographical locations in Figure 2. 
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Fig.2 Location map of the Water Quality Monitoring Program, Dissolved Oxygen Survey, and Sédiment Survey Stations. 
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Station Name 


Peace River 
Athabasca River 


Birch River 


Richardson River 


Rivere des Rochers 


McFarlane River 


Fond du Lac River 


McIvor River 
Old Fort River 
Harrison River 
William River 
Dake Claire 
Lake Claire 
Lake Claire 
Lake Athabasca 
Lake Athabasca 
Lake Athabasca 
Lake Athabasca 
Crown Creek 
Clarence Creek 
Quatre Fourches 
Dunville Creek 
Maybelle River 
Keane Creek 


Serwatka 


TABLE I 


WATER QUALITY MONITORING STATIONS 


Station Location 


at Peace Point 

at Embarras Airport 
near mouth 

near mouth 

at outlet Athabasca Lake 
at outlet Davy Lake 
at outlet Black Lake 
near mouth 

near mouth 

near mouth 

near mouth 

Northwest 

Center 

South 

near Ft. Chipewyan 

at Alta-Sask. border 
South of Uranium City 
near Fond du Lac 

at mouth 

at mouth 

northsofi int. of Forks 
near mouth 

near mouth 

near mouth 


near mouth 


Latitude 


59°07'20" 
58°11'98" 
58°32'18" 
58°25! 
58°49'36" 
58°58'24" 
59°10! 
58°18'6" 
58°36'18" 
58°41! 
59°6'54" 
58°39'30" 
58°36! 
58°25! 
58°43'30" 
59°9' 0" 
59°14'48" 
59°20! 
58°36'18" 
58°42'42" 
58°39'42" 
58°59'18" 
58°22'54" 
58° 26'6" 
58°59'18" 


Longitude 


112°27'30" 
qi 25) ett 
112°15'6" 
Hl 23872" 
111°16'48" 
108°10'30" 
05° 
112°1'48" 
110°28'24" 
110°20'24" 
109°16'54" 
Wi2 21" 
ee 

142° 

a 

110° 
108°39'36" 
107°10! 
110°29'30" 
110°17'36" 
111°18'54" 
109°5'42" 
110°57'36" 
110°52'12" 
109°4'6" 


015 


Frequency 


Monthly 


Periodic 
" 
Monthly 
Periodic 
Monthly 


Periodic 


YW 


O16 


Source 


Lake Claire 


Lake Athabasca 


TABLE: TT 


LOCATIONS - WINTER ICE SURVEY 
a 


Map 


Reference 


1-7 
1-9 
1-11 
2-7 
2-11 


2-13 
8-3 


8=5 

8=£5 
10-5 
10-6 
21-1 
21-2 
21-3 
21-4 
21-5 
21-6 
21-7 
21-8 
22-1 
222 
22-3 
22-4 
22-5 
22-6 
22-7 
22-8 
22-9 
23-1 
23-2 
23-3 


Latitude 
58°38'4g8" 
58°38'20" 
58°36! 
58°3516" 
58°35'42" 


58°36'18" 
58°27'18" 


58°27'48" 
58°31'18" 
58°36'12" 
58°36130" 
58°42! 0" 
58°42'24" 
58°43! 0" 
58°43130" 
58°441 0" 
58°44130" 
58°45" 0" 
58°45'30" 
58°46! 0" 
58°45'30" 
58°45'0" 
58°44130" 
58°4410" 
58°43'30" 
58°43'0" 
58°42'30" 
58°42! 0" 
58°41'48" 
58°42'18" 
58°42'48" 


Longitude 


112°10'48" 
sa) Gena ew 
112°14'36" 
112°10'48" 
112°04'12" 


Tips 
111°59'18" 


111°59'6" 

111°S7"12" 
112°17112" 
112°17'30" 
111°03'30" 
111°03'18" 
111°03'0" 

111°02'42" 
111°02"18" 
111°01'42" 
111°01'30" 
1 01 46% 

111°00'00" 
110°59'42" 
110°59'18" 
110°58'54" 
110°58'36" 
110°53'24" 
110°S8'6" 

110°57'48" 
110°57'36" 
110°46'48" 
110°46'48" 


110°46'48" 


Field 


~< 


Analysis 
Calgary Lab. 


Source 


Lake Athabasca 


Birch River 


McIvor River 


Quatre Fourches 


Map 


Reference 


23-4 
O5e5 
23-6 
2527) 
738 
25-9 
pa 
2440 
24-3 
24-4 
24-5 
24-6 
iy ey) 
24-8 
24-9 
24-10 
24-1) 
ooet 
252 
2526 
25-4 
25-5 
25-6 
2557 


41-2) 
41-3) 
41-5) 


42-5) 
42-6) 
42-7) 


43-2) 
43-4) 
43-6) 
46-7) 
46-4) 
46-9) 


Latitude 


58°43'18" 
58°43'48" 
58°44'18" 
58°44'48" 
58°45'24" 
58°46! 00" 
58°46'18" 
58°45 '36" 
58°45 00" 
58°44"12" 
58°43'30" 
58°42'42" 
58°42'00" 
58°41'18" 
58°40'38" 
58°39'48" 
58°39'12" 
58°49'30" 
58°49'18" 
58°49'10" 
58°48' 60" 
58°48'50" 
58°48'42" 
58°48'33" 


58°26'30"" 


58°17'45" 


59°39'21" 


58°38! 48" 


TABLE Ll s(eomtul cd) 


Longitude 


110°46'48" 
110°46'48" 
110°46'48" 
110°46'48" 
110°46'48" 
110°46'48" 
110°40'18" 
110°39'54" 
110°39'36" 
110°39'6" 

110°38'45" 
110°38118" 
110°37'54" 
110°37'24" 
110°37'6" 

110°36'42" 
110°36'12" 
110°49'18" 
110°48'45" 
110°47'54" 
110°47'6" 

110°46'15" 
110°45'30" 
110°44'54" 


112°18'42" 
traeoris" 
114, 17154" 


111°18'15" 


Analysis 
Field Calgary Lab. 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X X 
X 
X 
X 
X X 
X 
X 
X 
X 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


~~ X< 


017 


018 


TABLE II (cont'd) 


Map Analysis 
Source Reference Latitude Longitude Field Calgary Lab. 
Quatre Fourches 44-4) ” F X 

44-5) 58 39'6" Li et Gesu X 

44-7) X 

45 58°38'42" 111°16'45" Dry - significant - 


i.e. Nothing from Lake 
Athabasca west into 
Mamawi in winter in 
this channel. However, 
note 44-4 to 44-7. 


Embarras River 47-5) - a 
47-6) 58 #27 "00" Litezos4s" 
47-8) 


Athabasca River 48-5) J a 
48-7) 58°26'24" 111°29'00" 
48-9) 


Fletcher Channel 49-9) 7 i 
49-11) oy eK WELT et 110558248" 
49-12) 


Goose Isl. Channel 50-4) z fs 
50-8) 58737 "18" 110-50" 00" 
50-11) 


Big Point Channel 51-3) 5 a 
51-5) Dee 50k7 ae DOTA 
51-7) 
Claire River 52-2) 
52-4) 
Ride Roches 53-6) 
53-8) 
Prairie River 54-4) in m 
54-5) IO Sh Ou 111 40142" 
54-6) 


Po Ta PS el Pe tee Bad ee Be Ge ed ee ee 


58°46'20" 111°46'33" 


58°42'15" 11% fete 


Xs Ss eX 


Source 


Lake Athabasca 


Lake Athabasca 


Lake Athabasca 


Baril Lake 


Claire Lake 


Claire Lake 


Claire Lake 


Mamawi Lake 


Mamawi Lake 


TABLE III 


SEDIMENT SURVEY 


Location 
West 

East 

Middle 
Middle 
Middle West 
Middle East 
South 

West 


East 


Latitude 


58942124" 
58°44'30"" 
58°44124" 
58°46'12" 
58°36'12" 
58°37'42" 
58°21'48" 
58°37'42" 


58°36'20" 


Longitude 


110°03'18" 
110°58'54" 
110°53'18" 
111°41'00" 
ip 2 
111°58'00" 
111°59'30" 
111°32'54" 


iid 23148" 
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SAMPLING PROCEDURES AND SAMPLE HANDLING 
ET NG 


Water Quality Monitoring Program 

Water quality stations for this program were established by personnel from the 
Western Region, Water Quality Branch, in cooperation with members of the Peace- 
Athabasca Delta Project staff to ensure the results would satisfy the study 


objectives. 


Water Quality personnel surveyed the delta area by fixed wing aircraft and 


helicopter to pin-point the actual sites. 


The initial round of samples were collected by Water Quality personnel. A 
member of the Peace-Athabasca Delta Project based in Fort Chipewyan partici- 
pated in the initial collection of samples to learn proper sampling techniques 
and procedures. Al] following monthly collection of water samples, field 


testing, etc. were handled by Peace-Athabasca Delta Project personnel. 


Sampling Procedures 
A metal sampler with bottle designed to obtain an integrated sample of water 
was used to collect the samples at all locations. This method is widely 


recognized as the best available for water quality sampling. 


The sample was taken by dropping the opened bottle, affixed to the metal 
sampler, into the water and as it filled was allowed to sink to the bottom 


of the stream or lake. When the bottom was reached the sampler was pulled 
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to the surface. If the bottle was not filled the procedure was repeated 
until sufficient sample was collected. This procedure assures that portions 


of water at all depths were obtained. 


The sample bottles used were two liter polyethylene bottles. These bottles 
had hard plastic tops containing a specially designed polyethylene liner. Use 


of this type of bottle and top ensured negligible contamination. 


It should also be noted that sampling bottles, as received by the sampling 


crew, were pre-cleaned in the Calgary laboratory and were ready for field use. 


Because the elements to be analysed are present in minute quantities in water, 
ere care was taken not to contaminate the neck of the bottle and cap while 
sampling. The bottles and caps were rinsed three times before filling with 

the sample. The cap with a polyethylene seal was then secured tightly to 
prevent leakage during shipping. Also, the bottle was filled to the neck only, 


leaving room for expansion. 


As smaller samples were required for on site analysis smaller bottles were 
filled from the sample bottle in the metal sampler immediately upon collection 


of the sample. 


Sampling from shore or by wading and sampling directly into the sampling 


bottle was practiced only where necessary. 


Sampling from shore is not altogether satisfactory because of shore contami- 


nation, still water, etc. However, due to the small size of certain streams 
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in this program this technique was unavoidable. 


When using this method, after rinsing as described in the previous method, the 
bottle was held below the surface until filled. It was then drained to within 
two inches of the top and capped. In addition, it was deemed preferable to 
remove the plastic cap under the water to prevent surface Scum,? dirt Por dust 


from entering the bottle. 


Lake samples were obtained by sampling from the floats of the aircraft. In 
the case of stream samples all were obtained from the fastest flowing portion 


of the stream. 


Under winter ice conditions, the procedure as described above for collecting 
samples with the metal sampler was followed after the initial drilling or 


cutting of a suitable size hole in the ice. 


For all locations one and/or two liter samples were obtained and shipped for 


analysis to the Calgary laboratory. 


Sample Handling 


At each location the following analyses were performed on each sample 
collected: 
(a) Temperature - see Analytical Methods and Techniques for description. 
(b) pH ate ; Yaoen © f i " 
(c) Conductance - '! : “ ’ u if 
(d) Dissolved Oxygen - The sample for D.0. determination was prepared at 


the time of sampling by carefully pouring a portion of 
sample into a standard size 300 mg B.0.D. bottle 
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ensuring that no air bubbles were introduced. The 
regular procedure for the addition of manganese sulfate 
and alkali-ozide mixture was followed at the time of 
sampling. The sample was left in this condition and 

the test completed as described under Analytical Methods 
and Techniques in Fort Chipewyan. 

Each sample was carefully identified at the time of sampling and the 

following information was recorded and forwarded to the Calgary laboratory: 

(a) Location and source: identified sample site and station number. 

(b) Date: time, day, month, and year sample taken. 

(c) Bottle Number: correlate sample to rest of identification. 
Permanent waterproof numbers are permanently 
placed on each bottle. 

(d) Water level: readings were recorded at the time of 

sampling at locations having gauges excepting 
those having continuous gauges. 


(e) Collector: signature of collector. 


(f) Field measurements: temperature, pH, conductance, D.O. 


Facilities for proper filtering of samples were not available at the time of 
sampling in Fort Chipewyan. As a result, sampling schedules were arranged to 
have samples collected and placed on commercial aircraft to arrive at the 


Calgary laboratory within twenty-four hours of collection. 


Water Quality Ice Cover Survey 
sampling Procedures and Sample Handling 


Initial determination of sampling procedures, field testing, and sample 
handling were established by personnel from the Western Region, Water Quality 
Branch cooperatively with Canadian Engineering Service (under contract to the 


Peace-Athabasca Delta Project). 
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Canadian Engineering Services personnel were trained in the Calgary 
laboratory for the proper techniques on sampling, field analysis for pH, 


temperature, conductance, and dissolved oxygen, and proper sample handling. 


These procedures are identical to those described in the previous section, 


"Water Quality Monitoring Program.'! 


Lake Sediment Survey 

Sampling Procedures 

Exclusive use of helicopter was required as the Delta had experienced a cold 
snap prior to sampling. Approximately one to six inches of ice was found at 
all locations except the two eastern locations of stil] ice-free Lake 
Athabasca. As such, holes were chopped very close to the floats of the 


helicopter and sampling performed from the floats or very close to the floats. 


The sediment sampler used was a jaw-type, spring loaded ''Wildlife Supply Co.''! 
model 196 sediment sampler. The sample was lowered through the ice hole 
until it rested on the lake bottom. A heavy weight was released which 


travelled down the rope attached to the sampler releasing the jaws. 


Approximately one pound of sediment was caught by the sampler representing 


the top 2-4 inches of bottom sediments. 


Sample Handling 


The sampler was brought to the surface and the contents transferred to a wide 
mouth polyethylene bottle. The samples were then shipped via commercial 


aircraft for delivery within twenty-four hours to the Calgary Laboratory. 
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ANALYTICAL METHODS, TECHNIQUES, AND LIMITS OF ACCURACY 
WATER QUALITY MONITORING PROGRAM AND WATER QUALITY ICE COVER SURVEY 


A brief description of the methods used are detailed below. References 
to the methods are cited following these brief descriptions. 


All results are expressed as mg/l unless otherwise stated. 


Conductivity - Measurement made using a platinum electrode type 
conductivity meter. Values corrected to 25 
centigrade and expressed as umho/cm. (1)* 


Turbidity - Measurement made with Hach model 2100 turbidimeter. 
Measurements are based on the amount of light 
reflected by particies. “Results are expressed in 
Jackson turbidity unics. . (2) 


Temperature - Measurements made with mercury-filled thermometer 

(-10 to 50 centigrade range - 300 mm length 

thermometer). Results expressed in degrees centigrade. (1) 
pH - Electrometric method using pH meter equipped with glass 

and saturated calomel electrodes. Results expressed in 


pl unttss (1) 


Alkalinity (Total) - Potentiometric titration with standard acid solution. 
Alkalinity expressed as CaCo,. Ct) 


Calcium (Dissolved) - Titration with ethylenediamine-tetraacetic acid 
(E-Del ou.) dna eriocnrome blue ad indicator, » (2) 
(Treatment of sample for dissolved analysis follows 
these descriptions). 


*Numbers in parenthesis refer to references as indicated. 
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Magnesium (Dissolved) - Calculated from the values of Total Hardness and 
dissolved calciun. 


mg = (Total Hardness) x 0.01998 - Calcium x 0.0499) x 12.16. 


(2) 
llardness (Total) “ Jitration wrt eens using eriochrome Black T as 
indicator. Values expressed as CaCo,. (15) 
Sodium (Dissolved) - Flame photometry by internal-standard measurement on 
auto analyser. (2) 
Potassium (Dissolved) - Flame photometry by internal standard measurement on 
auto analyser. (2) 
Iron (Dissolved) - Colourimetric on auto analyser with tripyridyl-s- 
triazine. (2) 
Manganese (Dissolved) - Atomic absorption determination by direct aspiration. 2) 
Copper (Dissolved) - Determination by atomic absorption after solvent 
extraction. (2) 
silica - Colorimetric heteropoly blue method on auto analyser 
with ammonium molybdate and aminonaphtholsul fonic 
acide. (2) 
Results expressed as Si0,. 
Nitrate - Nitrogen - Colourimetric on auto analyser. Nitrate is reduced by 


(Dissolved) cadmium and the resulting nitrite is determined by 
diazotizing with sulphanilamide and naphthylamine 
dihydrochloride. Thus both nitrate and nitrite are 
determined. (2) 


Total Kjeldahl - Organic nitrogen is converted to an ammonium salt by 
Nitrogen digestion with sulphuric acid. Ammonia is then dis- 
tilled from an alkaline medium and absorbed in boric 
acid, The ammonia is determined by titration with 
Standard acid. This test includes the organically 
bound nitrogen and ammonia Sample. The test is per- 
formed on a shaken sample. (1) 


Chloride (Dissolved) - Colourimetric on auto analyser with ferric ammonium 
Sulphate and mercuric thiocyanate. (2) 


Phosphate (Ortho -  Colourimetric on autoanalyser with ammonium molybdate 
Dissolved) and stannous chloride. (2) 


Sulphate (Dissolved) 


Phosphate (Total) 


Fluoride (Dissolved) 


Total Organic Carbon 


Total Inorganic Carbon 


Lead (Dissolved) 


Zine (Dissolved) 


Mercury (Total) 


Mercury (Dissolved) 


Residue (Nonfilterable) 


Residue (Fixed) 
Non-filterable 


Boron (Total) 


Aluminum (Dissolved) 
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Sample is passed through a strong cation exchange resin 
(Ambelite IR-120 or equivalent). Sulphate is titrated 

in an alcoholic solution under controlled acid conditions 
with a standard barium chloride solution using thorin as 
the indicator. (2) 


Colourimetric on auto analyser with ammonium molybdate 
and stannous chloride after 30 minutes in an autoclave 
with sulfuric acid and potassium persulphate. Deter- 
mination is done on a shaken sample. (2) 


Determined with fluoride electrode and total ionic 
strength adjustment buffer. (2) 


Organic material in a blended sample is oxidized and 
the resulting carbon dioxide is measured by infrared 
analysis. (2) 


Sample is passed through a column of quartz chips i 


wetted with 85% HPO). Temperature is held at 150 C. 


A release of carbon dioxide from the inorganic carbonates 
is measured by infrared analyses. (2) 


Determination by atomic absorption after solvent 
extraction. (2) 


Determination by atomic absorption after solvent 
extraction... Jj(2) 


Cold flame atomic absorption (automated). Determination 
done on a shaken sample. (2) 


Cold flame atomic absorption (automated). (2) 


Sample is passed through a weighed gooch crucible with 
asglassetibreafilter, The crucible with its .contents 

is oven dried at 103 - 105 C. The increase in weight 

over that of the gooch crucible and filter represents 

the nonfilterable residue (suspended matter). (2) 


The gooch crucible and glass fibre filter with its 
retained residue after completion of the test for 
residue non filterable (105°C) is ignited at 550°C 

for 1/2 hour. The increase in weight over that of 

the gooch crucible and filter represents residue fixed 
non filterable. (2) 


Determined colorimetrically with dianthrimide. (3) 


Determination by atomic absorption 
direct aspiration,” (2) 
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Barium (Dissolved) - Determination by atomic absorption 
direct. aspiration. (2) 


Cadmium (Dissolved) - Determination by atomic absorption 
- direct aspiration. § (2) 


Chromium (Dissolved) - Determination by atomic absorption 
-) “‘directhaspiration. (2) 


Cobalt (Dissolved) - Determination by atomic absorption 
= direct aspivauione) a2) 


Lithium (Dissolved) - Determination by atomic absorption 
) Girect aspirations ta) 


Molybdenium - Determination by atomic absorption 
(Dissolved) - ‘direct aspirataon nn 2) 
Nickel (Dissolved) - Determination by atomic absorption 


~ -direct’ aspiration.’ *{2) 


Stronium (Dissolved) - Determination by atomic absorption 
- direct aspiration. (2) 


Thallium (Dissolved) - Determination by atomic absorption 
= ‘direct -aspiration, (2) 


Definition of terms used in methods: 


DissolvedsAnalysis (CIQ4SO)$4Fp4etcs )? 


4? 
No field pretreatment. Sample was filtered through a 0.45 micron filter 
in the Calgary laboratory. 


Total - For this program, total analysis was that analysis 
performed on a shaken sample. 


Solvent Extraction - MIBK - APDC extraction as outlined in reference 2, 
pages 54 - 55. 


Methods of analyses for Peace-Athabasca Delta Project. Water 
quality samples analysed at the temporary field laboratory 
located at the Peace-Athabasca Project camp in Fort Chipewyan, Alta. 


pu - As described in the Calgary laboratory 
using a portable battery operated meter. 


Conductance - As described in the Calgary laboratory 
using a portable battery operated meter. 


‘l'emperature - As described in the Calgary laboratory. 


Dissolved Oxygen - Standard Winkler method with the azide 
modification. (1) 
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References: 


1. American Public Health Association, 1965. Standard Methods for the 
Examination of Water and Wastewater, Twelfth Edition, New York. 


2. Water Quality Division, Inland Waters Branch, Department of Fisheries 
and Forestry, 1971. Methods for Chemical Analysis of Waters and Waste- 
waters, Ottawa. 


3. Levinson, A.A. (1971); an improved Dianthrimide Technique for the 
Determination of Boron in river waters; Water Research 5, 41-41. 


The minimum detection limits and limits of accuracy of methods used by 
the Water Quality Laboratory at Calgary, Alberta for the Water Quality 
Monitoring Program and the Winter Ice Survey are as follows: 


Minimum 

Parameter Detection Limit Limits of Accuracy 

(coefficient of variation) 
Conductivity 0.2 umhos/cm + 0.5% at 520 umhos/cm 
Turbidity Onl dereUe £9, 22¢n0tens J lu 

#15), 960 ate. ally 

Hil.o8s at 40 JTU 

+ 0,.4545at,100 .JTU 
Temperature | ~ + 0.1°C in Calgary Laboratory 

Pr0 25eC Binvitierd 
pH - % at pHuof 8.8 

0% at pH of 4.0 
Alkalinity 0. Seng Ca co. P1.46%086 55.5 mg/l caco., 
Calcium (Dissolved) 0.05. mg/l Ga £6220, ab l3ane/ 1 ta 

#1 OleS% avl4s me/1 Ca 
Magnesium (Dissolved) as above as mg as above 
Hardness (Total) as above as caco, + 0.65% at 52.0 mg/l CaCO, 
Sodium (Dissolved) 0.1 mg/l Na + 0.67% sat. 12-me/ 1 Na 

+ 1.29% at 67 mg/l Na 
Potassium 0.1 mg/l Fe + 1.09% at 6.4 mg/l K 

aa 


1.79% at 36 mg/l K 


Iron (Dissolved) as above as above 


032 


Parameter 

Manganese (Dissolved) 
Copper (Dissolved) 

yp ial a Dw 


Nitrate-Nitrogen 
(Dissolved) 


Total Kjeldahl 
Nitrogen 


Chloride (Dissolved) 


Phosphate (Ortho 
Dissolved) 


Sulphate (Dissolved) 


Phosphate (Total) 


Fluoride (Dissolved) 


Total Organic Carbon 


Total Inorganic Carbon 
Lead (Dissolved) 
Zinc (Dissolved) 


Mercury (Total) 


Mercury (Dissolved) 


Residue (Non-filterable - 
HOS.) 


Residue (Fixed) 
Dissolved Oxygen 


Baie U 


Minimum 
Detection Limit 


0.01 mg/l Mn 
0.001 mg/1 
0.005 mg/1} 


0. Olvmp/1#asen 


0.01 mg/l as N 


0.1 mg/1 as Cl 


0.010 mg/1 as PO,-: 


4 


0.2-mg/l tas SO, 


0.010 mg/1I as PO, 


0.01 mg/l as F 


Z.me,l cas G 


as above 
0.001 mg/1 as Pb 
0.001 mg/l as Zn 


O..05 ug/1 as iHs 


as above 


1 mg/1 


1 mg/1 


0.1 mg/T asus. 


0.5 mg/l as oxygen 
(not based on actual 
analyses rather a 
“rule of thumb") 


bimits: of Accuracy 
as above 
+ 1.6% at 0.010 mg/1 Cu 


+ 0.7% at 0.200 mg/1 SiO, 


I+ 


1.6% at 0.05 mg/1 N 


I+ 
> 


.98% at 25 mg/l N 


I+ 


0 S4matD20amo/ PC] 


I+ 
is 


.65% at 0.010 mg/1 PO, 
.98% at 0.025 mg/l PO, 


I+ 
A 


oO 


.0% at 25 me; iso 


I+ 
WN 


4 
at 0.020 mg/1 PO, 
at 0.050 mg/1 PO, 


+ I+ 
- NI 
e WG 
Ss eS 
o& of 


.79% at 0.20 mg/1 F 
0.93% at 1.0 mg/l F 


I+ i+ 
S 
~ 
Ne) 
) 


3.08% at 20 mg/1 C 
6 at 30 mo/1 C€ 


Une hee 
= 
o) 
N 
© 


Similar to the above 

+ 2.2% at 0.020 mg/l Pb 
+. 1.4% .at.0..010 mg/l azn 
Do abe Osa alley lio 
Poiadu 2 Ose ati 
3% at 8.0 ug/1 Hg 


I+ I+ I+ 
Ww 


Similar to above 


No data available 


as above 
$18 ated Slaue, ll... 


No data available 
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Minimum 

Parameter Detection Limit Limits of Accuracy 
Boron 0.01 mg/I as B No data available 
Aluminum 1.0 mg/1 as AL No data available 
Barium 0.1 mg/l as Ba No data available 
Cadmium 0.01 mg/l as Cd *93.5% at 0.01. mg/leGd 
Chromium 0. Olywmg/1.as+Cy + 2.9% at 0.01 me/ipcr 
Cobalt 0.01 mg/1 as Co No data available 
Lithium 0.005 mg/l as Li No data available 
Molybdenium 0.05 mg/l as Mo No data available 
Nickel 0.01 mg/l as Ni No data available 
Strontium 0.02 mg/l as Sr #1.0% dt 0220 meflesz 
Thallium Owls atl as Tl No data available 


NOTE: ‘Coefficient of variation is the ratio of the standard deviation 
to the arithmetic mean expressed as a percentage. 


The minimum detection limits and limits of accuracy of methods used 
by the Water Quality Laboratory at Calgary, Alberta for the Sediment Survey 
are as follows: 


Minimum 
Parameter Detection Limit Limits of Accuracy 
(mg/g) 
Copper OO ta sa Ctl No data available 
Lead 0.10 as Pb nm " " 
Zinc 0.01 as Zn moon " 
Manganese 0.05 as Mn " " " 
Boron O-Olaaseb " " " 
Calcium 0.01 as Ca " " " 


Chloride 0.1 mg as Cl " " " 
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Minimum 
Parameter Detection Limit Linits of Accuracy. 
(mg/g) 
Magnesium 0.01 as Mg No data available 
Potassium 0.1 mg as K " " " 
Iron 0705" as he Hy " " 
Sodium 0.1 mg as Na 4 " " 
Strontium 0.02 as Sr " " " 
Mercury 0.00005 as Hg Ther t" 
Lithium 0.003 as Li De " 
Aluminum 0.10 as Al " " " 
Barium 0.05 as Ba moon " 


Lake Sediment Survey 

Preliminary Treatment of Sample 

The method followed for the preparation of samples for analysis is 
described in "Information Report NOR-X-11, Methods used for Soil, Plant, and 
Water Analysis at the Soils Laboratory of the Manitoba-Saskatchewan Region 
1967-70"', December 1971, pages 5 and 6. 

Moisture contents of each air dried sediment sample was obtained by 
determining the weight loss at 105°C of 10 grams of sediment. 
Exchangeable Analysis 

A portion of the air dried sediment was taken for exchange analysis. 
The method followed is described in ''Soil Laboratory Analysis, Alberta Soil 
Survey and Department of Soil Science", pages 26 and 27. 

The analysis for the various exchangeable ion was performed on the 


leachate obtained in the method referred above. 
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Methods of analysis used are identical to those described under ''Water Quality 


Monitoring Program and Winter Ice Survey'' with the following exceptions: 


all results are expressed in mg/1 per 100 grams of dry sediment. 
Calcium: Determination by atomic absorption direct aspiration. 


Magnesium: Determination by atomic absorption - direct aspiration. 


Extractable Analysis 


A suitable portion of the air dried sediment as obtained under "Preliminary 


Treatment of Sample'' was taken and the following procedure’ followed: 


IN 


} gram of air-dried sediment was weighed and transferred to a 

250 ml erlenmeyer flask fitted with a ground glass stopper. 

20 mls of aqua regia (200 mls conc. HNO, + 600 mls conc. HCL + 200 
mls demineralized water) was Slowly added to each flask. Particular 
care was taken to minimize frothing; in addition, the flasks and 
contents were allowed to stand for 30 minutes to allow any frothing 
to subside. 

The flasks were stoppered and the stoppers secured with masking tape. 
The flasks and contents were shaken for five minutes on an 
"Eberbach'' mechanical shaker Set at high speed. 

The flasks and contents were placed into a hot \ater bath set at 
4o°C and left overnight. 

The flasks and contents were shaken as in step 4 for 15 minutes. 

The stopper was rinsed with three - 15 ml portions of demineralized 
water into the flask. Approximately 100-150 mls of demineralized 
water was added to each flask. 

The contents were filtered through a number 42 Whatman filter paper 


in a Buchner funnel. 
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9. The flasks and any remaining contents were rinsed three separate 
times and poured through the filter paper. 
10. The filtrate was transferred to a volumetric flask and bulked up to 


mark with demineralized water. 


The contents in the volumetric flask were used for extractable analysis. The 
methods of analysis were identical as those described under ''Water Quality 
Monitoring Program and Winter Ice Survey''. The exceptions are the same as 


those noted under ''Exchangeable Analysis'' with the following additions. 


Current methods of analysis would not permit the analysis of chloride and 


boron on aqua regia extracts. 


DISCUSSION OF ANALYTICAL PARAMETERS 


Physical 


Turbidity - under natural conditions turbidity in water results from the 
presence of such materials as silt, clay, organic matter, phytoplankton. Ex- 


cessive turbidity hinders light penetration in water and consequently reduces 


photosynthesis by phytoplankton and submerged vegetation. 


It is a measure of the interference presented by suspended matter to the pas- 


sage of light through a sample. 


Color - natural color in water results from the presence of organic and in- 
organic colloidal materials. The sources are decaying plant materials, algae, 
iron and manganese. High levels of color in water have determintal effects on 


photosynthetic action of aquatic plants. It also limits the use of water for 
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drinking and recreational purposes. 


Temperature - the temperature of water is important, and sometimes critical, 
for many uses of water. It affects the palatability of water and its suita- 
bility as a habital for aquatic life. Higher temperatures diminish the solu- 
bility of dissolved oxygen in water; increases the metabolism, respiration, 
and oxygen demand of fish and other aquatic life; intensifies the toxicity of 
many substances; and increases the solubility of chemical compounds present 


as colloidal and suspended materials. 


Specific Conductance - it is a measure of the water's ability to conduct an 
electric current, therefore, is dependent upon the ion concentration in the 
water and the temperature of the water. A rough estimate of the total dis- 
solved salts in a water can be calculated by multiplying the conductance value 


by OF6S 


All salts in water change the physical and chemical nature of the water and 
exert osmotic pressure. Some salts have physiological or toxic effects as 
well. Waters continuing more than 4,000 mg/1 of total salts are generally 
considered unfit for human use. Total salt concentrations in water greater 
than 3,000 mg/l are generally injurious to most plants. Wildlife may be in- 
jured by drinking water that contains more than 7,000 mg/1] total salts. Con- 
tinous use of such water by wildlife may cause general loss of condition, 
weakness, scouring, unthriftiness, bone degeneration, and death. Any water 
with an osmotic pressure of greater than six atmospheres, about 7,000 mg/1 as 
sodium chloride, may be expected to be deleterious to fresh water fish. Dis- 


solved salts in water may also influence the toxicity of heavy metal and 
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Organic compounds to fish and other aquatic life. 


Major lons 


Alkalinity - the alkalinity in natural waters is caused by the presence of 
carbonates, bicarbonates, hydroxides, and to a lesser extent by borates, 
silicates, phosphates, and organic substances. Alkalinity is not considered 
to be deterimental to humans and wildlife, although at a total alkalinity of 
170 mg/l animals have been reported to develop diarrhea. Fish and other 


aquatic life and plants do not seem to be affected by alkalinity. 


Calcium - calcium salts and ions are among the most commonly encountered 
substances in water. Calcium may result from the solution of calcium bear- 
ing minerals, leaching of soil and other natural sources. Cat ion-exchange 
equilibra have a considerable influence on calcium concentrations in most 
natural waters. The suspended sediments of river water can also provide 


a reservoir of calcium ions. 


Calcium is an essential element for animal and plant growth. Canadian 
Drinking Water Objectives, 1968 recommend that 75 mg/l is an objective 
level and 200 mg/l is an acceptable level for calcium. Calcium has also 
been shown to reduce the toxicity of many chemical compounds to fish and 


other aquatic fauna. 


Carbon - the forms in which carbon are present in natural waters ordinarily 
lie between 0.4 and 1.0 mg/l. The natural establishment of equilibria to 
restore the free CO. in water, removed by aquatic growth, from natural 


inorganic sources is a slow process and probably never exceeds | mg/1. 
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On the other hand, the co, supplies from the breakdown of organic matter 


by aerobic bacteria in natural water can be massive. 


Carbon present in natural water as carbonates, bicarbonates, and organic 
matter are not considered as harmful to animals and plants. However, carbon 
as CO, in natural waters in concentrations of 1.0 to 6.0 mg/l! will cause 
fish to avoid such waters. It has been reported that free CO. in excess of 
20 mg/l may be harmful to fish in normal fresh water, but when the dis- 
solved-oxygen content drops to 3 to 5 mg/l, lower CO, pepeantyarions may 


be detrimental. 


Chlorides - chlorides are present in practically all natural waters, 
mostly the concentrations are low. Exceptions occur where streams receive 


inflows of high-chloride groundwater. 


Chlorides are @nerally not harmful to humans until high concentrations are 

reached, although they may be injurious to people suffering from heart and 

kidney diseases. Restrictions on chloride concentrations in drinking water 
are generally based on palatability requirements rather than on health. 

The Canadian Drinking Water Objectives of 1968 recommends that chlorides do 


not exceed 250 mg/1. 


Chlorides are essential to plant growth, but in quantities greater than 
200 mg/] they are considered harmful to most plants. In general, chlorides 


are twice as toxic to plants as sulfates. 


Chloride concentrations in excess of 4,000 mg/] have been reported to cause 


injury to wildlife for watering purposes. 
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The following concentrations of chloride have been reported to be harmful 


LOatisn: 
Trout 400 mg/1 
Coarse Fish 2,000 mg/1 
Bass, pike, perch 4,000 mg/1 


Chlorinity is closely related to total salinity and its effects on osmosis: 
hence it is evident that fresh-water fish cannot tolerate excessive changes 


in salinity. 


Magnesium ~ the magnesium concentration in most natural fresh waters is 
much lower than the calcium concentration. It combines with calcium to 


form the bulk of the hardness in water. 


Magnesium is an essential element for humans and is considered relatively 
non-toxic to man because, before toxic concentrations are reached in water, 
the taste becomes quite unpleasant. At high concentrations, magnesium 
salts have a laxative effect on humans. The 1968 Canadian Drinking Water 


Objectives recommends a limit of 150 mg/1. 


Magnesium is essential to normal plant growth. It has been reported that 
magnesium in water in concentrations up to 24 mg/1 will probably not effect 


seriously the growth of woody plants. 


Animals also require magnesium salts in their diet but high concentrations 
in drinking water may cause scouring disease. Threshold limits of 500 mg/ | 
in drinking water has been suggested for wildlife by a mangas of workers. 
Ingestion of mixtures of sodium salts and magnesium and nitrate ions have 


caused poisoning among ducks. 
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Magnesium salts in certain combinations can be toxic to fish. Magnesium 
chloride and nitrate was found to be toxic at concentrations between 100 
and 400 mg/l as pene fume, Whereas, magnesium chloride, nitrate and sul- 
fate, at concentrations between 1,000 and 3,000 mg/l as magnesium have been 


tolerated for 2-11 days. 


Nitrogen - nitrogen occurs abundantly in nature. It is an essential con- 
stituent of protein in all living organisms and it is present in many 
mineral deposits as nitrates. !n organic matter it undergoes changes of 
decomposition from complex protein through amino acids to ammonia, nitrites, 
and nitrates. This cycle in nature is dependent upon bacterial action for 
decomposition and upon photosynthesis for reconstitution of organic matter. 
In natural waters, nitrogen may be present in many forms, but the ones that 


are commonly measured are ammonia, organic nitrogen, nitrites, and nitrates. 


In water suitable for most beneficial uses, the total concentration of 
nitrogen compounds should be’ less than 10 mg/l. Nitrogen in the form of 
nitrate is a major nutrient for plant growth. It is seldom deleterious to 
plants in any form. However, the total concentration of nitrogen is not as 
important as the form in which it exists for fish-food organisms. Organic 
nitrogen, amino acids, and ammonia may inhibit biological growth whereas 
nitrates stimulate it. Fish production has shown to be highest in lakes 


and streams containing the most organic nitrogen. 


Oxygen, Dissolved - the content of dissolved oxygen in natural waters at 
equilibrium with a normal atmosphere is a function of the temperature and 


the salinity of the water. The ability of water to hold oxygen decreases 
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with increases in temperature or dissolved solids. Natural waters are 
seldom at equilibrium and seldom saturated with dissolved oxygen, for 
temperatures are changing and physical, chemical, bio-chemical, or bio- 


logical activities are utilizing or liberating oxygen. 


The presence of dissolved oxygen in natural waters is seldom considered to 
be deleterious to humans and animals, for it has no adverse physical ef- 
fects when ingested, and it actually increased the palatability of the 


water. 


No general statement can be made to give the minimum dissolved-oxygen con- 
centration required to support fish life, Owing to the fact that the oxygen 
requirements for fish vary with the species and age Of the fish, with orior 
acclimatization, with temperature, with the concentration of other sub- 


stances in the water, and with several other factors. 


pH (Hydrogen lon Activity) - the hydrogen ion activity in a natural water 


is related intimately to the concentration of many other substances, parti- 
cularly the weakly dissociated acids and bases. In surface or ground 
waters it may be attributable to natural causes, such as humic acids ex- 
tracted from swamps or peat bogs, or to industrial wastes or acid-mine 


drainage. 


The activity of the hydrogen ion can be most conveniently expressed in 
logarithmic units, and the abbreviation ''pH'' represents the negative base - 


10 log of the hydrogen-ion activity in moles per liter. Thus, if (H+) = 


- 15 


10 moles per liter, then the pH = 5. 
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An excessive concentration of hydrogen ions can adversely affect water for 
one or more beneficial uses. For most uses pH values between 6 and 9 are 


considered acceptable. 


pH values of most inland waters containing fish range between 6.7 and 8.6 
and most workers have concluded that direct lethal effects of pH are not 
produced within a range of 5 to 9.5, but from the standpoint of producti- 


vity it is best to maintain the pH in the range of about 6.5 to 8.2. 


Phosphorus - the form in which phosphorus is likely to be present in natu- 
ral waters is somewhat uncertain, but the most probable forms are phosphate 
anions, complex phosphate compounds, complexes with metal ions, and col- 


loidal particulate material. 


Phosphorus may occur in surface or ground waters as a result of leaching 
from minerals or ores in natural process of degradation or from agricul tu- 
ral drainage, as one of the stabilized products of decomposition of organic 
matter, and as a major element of municipal sewage. In surface waters, 
however, phosphorus is seldom found in significant concentrations because 


it is utilized by plants. 


Phosphorus is a major plant nutrient and the element is essential to all 
life forms. It does not appear to have any physiological significance to 


life forms in relatively high concentrations. 


Phosphorus seldom exhibit toxic effects upon fish and other aquatic life 


and may be beneficial to fish culture by increasing the food supply. 


044 


The discharge of excessive amounts of phosphates to streams and lakes may 
result in an overabundant growth of algae with concomitant odors and de- 


trimental to fish. 


Potassium - potassium is present in nearly all natural waters but the 
rather narrow range of concentrations observed suggests a significant 
chemical control mechanism may be involved. The nature of this mechanism, 


however, is not well known. 


Potassium is an essential nutritional element for plant and animal growth. 
In excessive quantities it is toxic to plants and cathartic to humans. The 
extreme limit of potassium concentration permissible in drinking water is 
considered to be 1,000 mg/l. For good plant development it must be main- 
tained in proper balance with other mineral requirements, such as phospho- 
rus. The effects of excess potassium on wildlife are not clearly under- 


stood. 


The toxicity of potassium to fish and other aquatic life is reduced by 
calcium and to a lesser degree by sodium. Potassium can be toxic to fish 
in soft water at concentrations of 50-200 mg/l. In a range of harder 


waters the concentrations found to be toxic to fish were about 400 mg/1. 


Silica - silica occurs in natural waters as finely divided or colloidal 


suspended matter, in concentrations of 1-40 mg/1. 


In concentrations found in natural water, silica appear to have no adverse 


physiological effect to humans and animals. Plants require silica in 
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concentrations above 0.5 mg/l for growth. An abundance of silica in water, 


along with other necessary nutrients, favors the growth of diatoms. 


Sodium - sodium is present in natural waters as the sodium ion and as com- 
pounds of sodium. Most sodium salts are extremely soluble in water, thus 
any sodium that is leached from soil or discharged to streams will remain 


in solution. 


Sodium in drinking water at concentrations of 200 mg/l may be injurious 
to humans, especially to persons suffering from cardiac, renal, and circu- 
latory diseases. Concentrations of various sodium salts in drinking water 


may also be deleterious to various animals above 2,000 mg/1. 


Several investigators have reported that 500-1,00 mg/1 of sodium was toxic 
to fish in soft waters. However, in waters supporting a good fish fauna in 
the United States, the concentration of sodium plus potassium was less than 


85 mg/l. 


Sulfates - sulfates occur naturally in waters mostly as the sulfate ion as 
a result of leaching from gypsum and other common minerals. The sulfate 
ion has a tendency to form ion pairs and complexes with many metal ions and 


is involved in biological processes. 


The 1968 Canadian Drinking Water Objectives recommend acceptable limits of 
sulphate as 250 mg/l. Waters with sulfate concentrations of greater than 
500 mg/l may cause gastrointestinal irritation and catharsis, and usually 


has an objectionable taste. 
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Wildlife drinking water containing 2,000 to 3,600 mg/l of sulfate has been 
reported to develop run-down, ragged appearances and eventually weaken and 


die. 


Waters supporting good game fish have been reported to contain less than 


90 mg/l sulfates. 


Trace Elements 
Aluminum - aluminum is not likely to occur in surface water in excessive 
quantities for long because it precipitates and settles or is absorbed as 
aluminum hydroxide, aluminum carbonate, etc. In streams, the presence of 
aluminum ions may result from industrial wastes or more likely from waste- 


treatment plants. 


No evidence has ever been found to prove that the use of aluminum in water 

supplies, or in cooking utensils and materials is harmful to human beings. 

Much higher levels of aluminum than those found in food or water have been 

fed continuously to animals without observable harm. However, in excessive 
amounts, there is the risk that aluminum will interfere with phosphorus 


metabolism. 


Aluminum has been reported to be harmful to many plants in concentrations 


between | and 14 mg/1. 


Aluminum concentrations in the range of 0.07 - 5.0 mg/l have been reported 
lethal to fish and aquatic animals in time periods between 5 minutes and 


one week. 
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Barium - barium is not normally present in natural surface or groundwaters 
in measurable quantities because the barium ions discharged to natural 
water are quickly precipitated as sulfates and carbonates and removed by 


absorption or sedimentation. 


The 1968 Canadian Drinking Water Objectives prescribes a maximum permis- 
sible limit of 1.0 mg/l. Fatal oral doses of barium for man is reported 


to be 550 - 600 mg/1. 


Barium is not utilized by most plants except in trace quantities. It is 


considered to be poisonous to most plants. 


Concentrations of barium greater than 5 mg/l have been reported to be harm- 


ful to many fish species. 


Boron - boron occurs in natural waters as sodium borate or as calcium 
borate. It enters natural waters through dissolution of boron containing 
mineral deposits, or fossil fuels, or industry. Boric acid is used as a 


bactericide and fungicide. 


The 1968 Canadian Drinking Water Objectives recommends 5.0 mg/] as the maxi- 
mum permissible limit for humans. Fatal doses for adults have been reported 


between 5 and 45 grams. 


Lethal doses of boron for animals have been reported to vary from 1.2 to 


3.45 grams per Kg of body weight, according to the species. 
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Boron is an essential element in the nutrition of higher plants, yet con- 


centrations of boron in waters in excess of 0.5 mg/l may be deleterious. 


Fish and aquatic life are rot affected by boron concentrations in water 


less than 5,000 mg/1. 


Cadmium - cadmium occurs in natural waters as the salts of chlorides, 

nitrates, sulfates. Cadmium carbonates and hydroxides are insoluble in 
water and, hence will be precipitated at high pH values. Cadmium salts 
enter natural water in wastes from electroplating plants, pigment works, 


textile printing, lead mines, and chemical industries. 


Oral ingestion of cadmium has been reported as the cause of a number of 


human deaths. It tends to concentrate in the liver, kidneys, pancreas, and 


thyroid of humans and animals and once it enters the body, it is likely to 


remain. Human beings have been sickened by as little as 14.5 mg. of 
cadmium. The 1968 Canadian Drinking Water Objectives recommends the maxi- 


mum permissible limit for cadmium as 0.01 mg/1. 


Fatal doses of cadmium have been reported for animals to be 0.15 to 0.6 
grams per Kg of body weight and it has been suggested by a number of 
workers that the concentration of cadmium in drinking water for animals 


should not exceed 0.10 mg/l and preferably lower. 


Cadmium concentrations of 28 mg/l in water have been reported to be injuri- 


ous to many plant species. 
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The lethal concentration of cadmium for fish varies from about 0.01 to 
about 10 mg/l depending on the species, the type of water, temperature, and 


time of exposure. 


Chromium - chromium is present in natural waters as divalent, trivalent, 
and hexavalent salts. All of the dichromates are quite soluble in water. 
Of the trivalent chromic salts, the chloride, nitrate and sulfate are 
readily soluble in water, but the hydroxide and carbonate are quite in- 
soluble. Of the hexavalent chromate salts, only sodium, potassium, and 


ammonium chromates are soluble. 


Chromium compounds find their way into natural waters mainly in wastes 
from industries. The hexavalent chromium salts being the most extensively 


used in the manufacturing processes. 


There is no evidence that chromium salts are essential or beneficial to 
human and animal nutrition. Chromium salts are not retained in the body 
but are rapidly and completely eliminated. The toxic dose for man is re- 
ported to be about 0.5 grams. The 1968 Canadian Drinking Water Objectives 


recommends a maximum permissible limit of 0.05 mg/1 as hexavalent chromium. 


The reported evidence on toxic doses of chromium for animals is voluminous 
and varied but a summary of the evidence appears that concentrations of 
chromium, trivalent or hexavalent, of 5.0 mg/1 will not interfere with the 


beneficial use of water for wildlife watering. 
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Chromium is present in trace amounts in plants, but there is evidence that 
chromium is essential or beneficial for plant nutrition. According to a 
number of workers chromium is toxic to plants at all concentrations, either 


directly or by concentrating the intensity of injury caused by other metals. 


The toxicity of chromium salts toward aquatic life varies widely with the 
species, temperature, pH, valence of the chromium, and hardness of the 
water. A chromium concentration, trivalent or hexavalent, of 1.0 mg/l is 
considered safe for most fish species but a concentration of 0.05 mg/ 1 


appears to be the safe limit for other aquatic life. 


Cobalt - cobalt as the cobaltous ions are relatively stable in natural 
water. The cobaltic ions are powerful oxidizing agents and consequently 
are unstable in natural waters. Cobalt finds its way in natural waters 


mostly from the wastes of industries. 


It has been reported that cobalt has a relatively low toxicity to man, 
and that traces of cobalt are essential to nutrition. A maximum safe con- 
concentration of cobalt in drinking water cannot be established or estimated 


on the basis of present knowledge. 


Animals vary in their ability to tolerate cobalt but trace amounts of cobalt 
appear to be essential in their diet. The minimum daily requirement for 
growing animals is reported to be 0.1 mg. The daily intake of a small 
amount of cobalt is reported to produce a striking increase in the number 


of circulating red blood cells in a number of different species of animals. 
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There also appears to be a relationship between the beneficial and detri- 
mental effects of cobalt in the diet and the content of vitamin Vio: 

Trace amounts of cobaltous ion appear to simulate the growth of fish and 
other aquatic organisms. Cobalt concentrations of 1.0 mg/l have been re- 
ported as not harmful to many species of one-year-old fish or to the insect 
larvae forming the food for these fish. At higher concentrations, however, 


cobalt ions have demonstrated pronounced toxic effects. 


Copper - copper salts occur in natural surface waters only in trace amounts, 
up to about 0.05 mg/l, so that their presence is generally the result of 


pollution. 


The chloride, nitrate, and sulfate of divalent copper are highly soluble 
in water, but the carbonate, hydroxide, oxide, and sulfide are not. The 
cupric ion, therefore, introduced into natural waters at pH 7 or above wil] 
quickly precipitate as the hydroxide or as basic copper carbonate to be re- 


moved by adsorption and/or sedimentation. 


Copper is found in traces in all plant and animal life, and it is believed 
to be essential for nutrition. The physiological function of copper 

appears to be involved in the metabolism of iron. It is not considered to 
be a systemic poison as most of the copper ingested is excreted by the body 
and very little is retained. There is no evidence that poisoning has ever 


occurred as a result of consumption of copper in water. 
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The limiting factor for copper in drinking water is taste. Threshold con- 
centrations for taste are in the range of 1.0 - 2.0 mg/l of copper, while 
as much as 5 - 7 mg/l makes the water completely undrinkable. The 1968 
Canadian Drinking Water Objectives recommends acceptable limits of 1.0 


mg/1. 


Small amounts of copper are beneficial for hemoglobin count and growth in 
animals but concentration of one gram per pound of live weight have been 


reported to be toxic for most animals. 


Minute quantities of copper are beneficial or essential for plant growth. 
However, copper concentrations of greater than 0.1 mg/l] are injurious to 
many plants and toxicity symptoms develop at concentration in the range 


0. 5"="1.5°> mg/l Tor most plants. 


The toxicity of copper to aquatic organism varies significantly not only 
with the species, but also with the physical and chemical characteristics 
of the water, such as its temperature, ee faire. 8 turbidity, and carbon 
dioxide content. In hard water, the toxicity of copper salts is reduced 
by the precipitation of copper carbonate and other insoluble compounds. 
Synergism exists between the sulfates of copper and zinc, and copper and 
cadmium in their toxic effect on fish. It also exists between copper and 
mercury. Copper concentrations as low as 0.01 to 0.5 mg/l] have interfered 
with the self-purification processes of streams by killing the stream 


bacteria. 
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On the basis of reported information on copper toxicity to fish and other 
aquatic life, concentrations of less than 0.02 mg/l copper in waters appear 


not to be deleterious. 


Fluorides - fluorides are not commonly found in high concentrations in 
natural surface waters, but they may occur in detrimental concentrations 


in ground waters. 


Fluorides in quantitites greater than 0.5 gms per Kg of body weight are 
generally fatal to humans. However, abundant literature is available 
describing the advantages of maintaining 0.8 to 1.5 mg/l] of fluoride ion 


in drinking water to aid in the reduction of dental decay. 


The 1968 Canadian Drinking Water Objectives recommends that the concentra- 


tion should not exceed 1.5 mg/l. 


Fluorides in waters appear to have no effect on plants in concentrations 


less than 10 mg/1. 


The effects of fluorine in drinking water for animals is analogous to those 
for humans. Reported effects in the literature indicate that 1.0 mg/1 of 
fluorine appears to be the threshold value below which no harm results to 


most animals. 


Fluoride ions appear to have direct toxic properties toward aquatic life, 
and in addition there seems to be a relationship between fluorides in water 


and the condition of the teeth of the fish. Reported effects of fluorides 
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on fish indicate that 1.5 mg/l appears to be the value below which no harm 


results from its presence in water. 


lron - iron is present in well-aerated natural surface waters generally 

as the ferric ion. Although many of the ferric and ferrous salts are highly 
soluble in water, the ferrous ions are readily oxidized in natural surface 
waters to the ferric condition and form insoluble hydroxides. These pre- 
cipitates tend to agglomerate, flocculate, and settle or be absorbed on 
surfaces; hence, the concentration of iron in well-aerated waters is seldom 
high. In ground water, however, the phH may be such that high concentra- 


tions of iron remain in solution. 


Iron in trace amounts is essential for nutrition. The daily nutritional 
requirement is 1 to 2 mg per day, and most diets contain an average of 
16 mg per day. The taste threshold of iron in water is about 0.1 mg/1. 
The 1968 Canadian Drinking Water Objectives recommends an objective 
limit of 0.05 mg/1 based on taste considerations and an acceptable limit 


of 0.3 mg/l] based on considerations of effects on household uses. 


Iron is an essential constituent of animal diets, but animals are sensitive 


to change in iron concentrations and may not drink water high in iron. 
Iron in water is of little practical significance to plant growth. 
The effects of iron on fish and other aquatic life are varied. However, it 


is the opinion of most researchers that much of the killing action is due 


to coatings of iron oxide or hydroxide on the gills which causes 
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an irritation and blocking of the respiratory channels. It is generally 
accepted that waters supporting good fish fauna have iron concentration 


less than 0.7 mg/1. 


Lead - lead concentrations in natural waters range from traces to 0.04 mg/1. 
It may be introduced into natural waters as a constituent of various 
industrial and mining effluents, or as a result of the action of water on 


lead in pipes. 


Certain lead salts, such as acetate and chloride, are readily soluble, but 
owing to the fact that the carbonate and hydroxide are insoluble and the 


sulfate only sparingly soluble, lead will not remain long in natural waters. 


Foreign to the human body, lead is a cumulative poison. It tends to be 
deposited in bone as a cumulative poison. The mean daily intake of lead 

by adults in North America is about 0.33 mg. Of this quantity, 0.01 to 

0.03 mg per day are derived from water used for cooking and drinking. Lead 
poisoning among human beings is reported to have been caused by the drinking 
of water containing lead in concentrations varying from 0.042 mg/1 to 

1.0 mg/l. The 1968 Canadian Drinking Water Objectives recommends the maxi- 


mum permissible limit for lead as 0.05 mg/1. 


Lead is not among the metals considered essential to the nutrition of 
animals. Most authorities agree that 0.5 mg/l of lead is the maximum safe 


limit for lead in a potable supply for animals. 
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It has been stated by workers in plant nutrition that lead is harmful to 
plants at all concentrations. However, further investigations in this 


field are needed. 


A review of the literature on the toxicity of lead for fish and other 
aquatic life indicates that: lead Is more toxic in soft water than in hard 
water; the toxicity increases with a reduction of the dissolved oxygen con- 
centration of water; in water containing lead salts, a film coagulated 

mucus forms, first over the gills and then over the whole body of the fish, 
probably as a result of a reaction between lead and an Organic constituent 
of mucus, causing death by suffocation; and lead concentrations as low as 


0.1 mg/l have been deleterious to fishlife, especially in soft waters. 


Lithium - the data for major rivers of North America show median values 
in the range 9.001 - 0.002 mg/1l. Lithium is not widely distributed in 
nature, but when brought into solution by weathering reactions, it generally 


remains in the dissolved state. 


Lithium is present in potable waters in concentrations below which it is 


considered harmful to human beings and animals. 


Lithium is potentially toxic to plants. In soil moisutre, ( to 4emg/l of 


lithium, as lithium chloride, caused symptoms of lithium toxicity. 


Lithium is lethal to fish only in high concentrations, but dilute con- 
centrations of lithium chloride were shown to be deleterious to the eggs of 


various organisms, by retarding their development. 
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Manganese - manganese occurs in natural waters in the divalent and tri- 
valent form. The chlorides, nitrates, and sulfates are highly soluble in 
water; but the oxides, carbonates, and hydroxides are only sparingly 
soluble. For this reason, manganic or managanous ions are seldom present 
in natural surface waters in concentrations above 1.0 mg/l. In ground 
water or lakes subject to reducing conditions, manganese can be leached 


from soils and sediments and occur in high concentrations. 


Manganese is essential for the nutrition of human beings and animals. A 
deficiency of manganese results in impaired or abnormal growth, disturbance 
of the control nervous system, and possibly interference with reproductive 
functions. In concentrations not causing unpleasant tastes, manganese is 
regarded by most investigators to be of no toxicological significance in 
drinking water. The 1968 Canadian Drinking Water Objectives recommend the 


acceptable limit as 0.05 mg/l for aesthetic reasons. 


Manganese is essential for plant metabolism. It has been shown that trees 
and aquatic plants are accumulators of manganese, especially in the re- 
productive parts of the plants. When these plant parts die back, or are 
shed, the manganese becomes available for solution in run-off and soil 
moisture. Concentrations of manganese up to 0.50 mg/l in water are con- 


sidered not to be harmful to plant growth. 


The toxicity of manganese towards fish is dependent upon many factors, but 
generally, manganese in concentrations less than 1.0 mg/l is not considered 


to be harmful to fish and other aquatic life species. 
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Mercury ~- the natural distribution of mercury in water results from the 
contact of water with soil and rock. It has the tendency to sorb readily 
on earth material and it is because of this tendency that suspended matter 
in natural waters may contain from 5 to 25 times as much mercury as the 
water around it. It is for this reason that mercury from natural sources 
occurs in natural water, generally, in concentrations less than 0.0001 mg/l. 
Mercury may also be introduced into natural waters as synthetic organic 


and inorganic salts that are used commerically and industrially. 


The tendency of mercury to sink rapidly and combine with sulphite in 
anaerobic bottom sediments to form cinnabar appears to be the major scaveng- 
ing mechanism. Another mechanism which keeps the content of soluble 

mercury low is the relatively high reactivity of mercury with organic sub- 


stances and the resulting uptake by living and non-living organic matter. 


Mercury is not known to be essential for plant and animal metabolism. 
However, it tends to concentrate in living tissue once it has been assimi- 
lated, and there is evidence that the extent of concentration increases 
with each step up the food chain, from plankton to fish to man. Organisms 
tend to purge themselves of mercury once the supply is cut off, but the 


efficiency of recovery varies from organ to organ and organism to organism. 


Mercury, mercury salts, and mercury compounds are considered to be highly 
toxic to human beings and animals, and fatal doses vary from 3 to 39 gms. 
The 1968 Canadian Drinking Water Objectives do not include limits for 
mercury but the Prairie Provinces Water Quality Objectives for surface 


waters recommends a limit of 0.0001 mg/l for all uses. 


059 


Terrestrial plants absorb mercury as well as other minor elements, but 
there seems to be little tendency for these plants to concentrate mercury 
above environmental levels. Toxicity of mercury to terrestrial plants 
apparently depends more on the chemical state of the element than on its 


concentration. 


Mercury ions are considered to be highly toxic to aquatic life. For fresh 
water fish, concentrations of 0.004 to 0.02 mg/l on mercury have been re- 


ported harmful. 


Molybdenum - molybdenum is a rather rare element, but its presence in 
surface and groundwaters is of importance because it is accumulated by 
vegetation to the extent that it can become toxic to grazing animals and 
wildfowl. The median concentrations of molybdenum in North American Rivers 


have been quoted at .0003 mg/l]. 


The element molybdenum is known to be essential in plant and in animal 
nutrition, but it is required only in very small quantities. Quantities of 
molybdenum in the range 0.1] - 125 mg have been shown to be toxic to animals 
depending on the size of themimal and the compounds of molybdenum used in 
the test. Molybdenum trioxide, calcium molybdate, and ammonium molybdate 
were shown to be the most toxic to animals and wildfowl. Concentrations 

of molybdenum in the range 0.5 - 200 mg/l have been reported to be injurious 


to plants. 


The toxicity of molybdenum to fish and other aquatic life is dependent 


mostly on the hardness of the water and the size and species of the aquatic 
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organism. 


Nickel - nickel occurs in natural waters as the nickel ions and as nickel 
salts of nitrate, sulfate, ammonium sulfate, and chloride. Nickel may also 


enter surface or ground waters in the effluents from metal-plating works. 


Data on the toxicity of nickel to man is almost non-existent, but the 
toxicity is believed to be very low. Poisoning of human beings by nickel 


or nickel salts fs almost unknown. 


The effects of nickel salts upon the growth of plants has been reported to 


be very injurious no matter how small the quantity. 


Nickel in the water supply of amphibia, reptiles, birds, mammals and 


animals has been demonstrated to hinder the growth of the liver. 


Nickel appears to be less toxic to fish and other aquatic organisms than 
copper, zinc, brass, and iron, as reported by many researchers. Nickel 
combines readily with cyanide to form a nickel-cyanide that is relatively 
Stable in moderate alkaline water. In acid waters, however, the complex 
breaks down and releases hydrogen cyanide which is highly toxic to aquatic 


Organisms. 


Strontium - strontium occurs in nature as the salts of carbonate and sul- 
fate. As both of these salts are relatively insoluble in water, strontium 
ions are not likely to occur in high concentrations in surface waters. 


Strontium is not absorbed readily by soils, hence it may be expected to 
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travel readily along with ground waters. Strontium may also enter surface 
water from the wastes of sugar beet refineries and from manufacturing 


processes. 


Strontium is present in plant and animal tissue in trace quantities, but 
jt occurs in much higher concentrations in bone structures. There is no 
evidence that strontium is essential for plant nutrition, but there are 
indications that it is necessary for the growth of animals and especially 


for calcification of bones and teeth. 


Toxicologically, no evidence could be found to show that non-radioactive 


strontium salts taken orally by man or animals produces deleterious action. 


Radioactive strontium (Sr-90), owing to its long half-life and its tendency 
to accumulate in bone structure, rates second in radioactive materials as a 
hazard to human health. The 1968 Canadian Drinking Water Objectives re- 

commends as an objective less than 10 picocuries per litre for radioactivity 


in water supplies. 


Plants tend to accumulate radiostrontium from soils and water contaminated 
with fallout from nuclear explosions or waste products from nuclear reactors. 
The reported uptake of radiostrontium by aquatic plants showed concentration 


factors in the order of 100 to 800 for hard and soft water, respectively. 


For fish, it was observed that radiostrontium concentrated in the flesh, 
bones, and scales by factors of 2.6, 71, and 209, respectively. Fish ina 


lake that received radioactive waste effluents concentrated radiostrontium 
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by factors of 20,000 to 30,000 in hard tissues. 


Thus, it is evident that the major hazard to humans and animals of radio- 
strontium in water lies not in direct consumption but in plants and fish 


that accumulate this element. 


Thallium - thallium salts, for the most part, are highly soluble in water 
and consequently natural dissolution and any industrial discharges of this 
element are not likely to form precipitates with the anions present in 


waters. 


Thallium is a cumulative poison, four times as toxic as arsenious oxide, 
znd it affects the sympathetic nervous system, causes muscular pains, 
endocrine disturbances, and loss of hair. It does not occur normally in 
animal tissues, but when taken into animal bodies it is cumulative. Doses 


of 10 to 40 mg/kg as thallium was lethal to most animals and birds. 


Zinc - zinc is abundant in nature in a form that is sparingly soluble 

in water. Consequently zinc is present in most natural waters in trace 
amounts only. The carbonate, oxide, and sulfide salts of zinc are very 
insoluble in water, thus it is to be expected that some zinc will be 
precipitated and be removed readily in most natural waters. Further, there 
is some evidence that zinc ions are adsorbed strongly and permanently 


on silt, with a result inactivation of the zinc. 


Zinc also enters natural water systems in wastes from manufacturing 


processes, mining areas, metal-plating works, and small-arms ammunition 
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plants. 


Zinc has no known adverse physiological effects upon man and animal except 
at very high concentrations. The 1968 Canadian Drinking Water Objectives 
recommends an acceptable limit for zinc at 5.0 mg/l mostly because the 


taste threshold for zinc occurs at about 5.0 mg/1. 


Zinc in small amounts is considered essential for plant nutrition, but 


toxicity results when concentrations exceed a very low level. 


It is towards fish and aquatic organisms that zinc exhibits its greatest 
toxicity. The sensitivity of fish to zinc varies with species, age, and 
condition, as well as with the physical and chemical characteristics of 
the water. Concentrations of zinc as low as 0.1 mg/l in soft water have 
been reported to be lethal, but calcium is antagonistic toward such toxi- 
city. The addition of 1 mg/l of calcium to soft water increased the 
lethal limit of mature fish to 0.3 mg/l zinc and in water with 50 mg/1 


of calcium, as much as 2.0 mg/l of zinc was not toxic. 
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ANALYTICAL RESULTS AND DISCUSSIONS 


Water Quality Monitoring Program 


General 

This program was initiated in April, 1971 and concluded in June, 1972. Due 

to severe winter conditions in 1971 and again in 1972, and to difficulties 

in obtaining transportation to collect the samples at proposed frequencies, 

the water quality data presented for this program has gaps which make 
interpretation difficult and in some cases impossible. In addition, flow data 
for a number of the sampling locations was not collected. Thus, interpretation 
of the results of this program was limited to those lake systems or parts of 


lake systems where flow data was available. 


The locations of the sampling sites for this program are shown in Figure 2, 
and the analytical data for these sampling locations are presented in 


Appendix A, Tables | and I]. 


Lake Claire - Lake Mamawi Basin 

General Considerations 

The Lake Claire - Lake Mamawi Basin can be classed as a shallow water open- 
basin fed by two small streams, Birch and Mclvor, with a small outlet stream, 
Prairie, inflowing to Mamawi Lake. The outflow from Mamawi Lake is mainly 

to the east of the Chenal des Quatre Fourches and/or to the west end of Lake 
Athabasca and consequently to the Riviere des Rochers. However, on a much 


less frequent basis. 
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Because of this shallow water in this basin and the thickness of the ice formed 
during the severe winter months, averaging four feet, the amount of water in 
this basin during the winter period was restricted to shallow pools. Conse- 
quently sampling for water quality was severely restricted and very little 


data for this period is available for presentation. 


Quality Considerations 


The average chemical composition as weighted averages for dissolved solids, 
and for the chemical parameters of this basin on a high, intermediate, and 


low discharge or volume basis was presented in Table IV. 


For the inflowing streams, the Birch and Mclvor, the results show that during 
periods of intermediate discharge the Birch River carried more total dissolved 
solids per unit volume than during periods of high discharge, whereas the 
reverse is true of the Mclvor River, it carries more total dissolved solids 
per unit volume during periods of high discharge. In addition, the results 
show that the Mclvor River carried a high discharge weighted average of total 
dissolved solids per unit volume than the Birch River. The Mclvor River is 
also shown to carry more sodium, calcium, silica, and sulfate ions per unit 


volume than the Birch River. 


During periods of intermediate discharge the waters of the Birch River are 
characterized by increased contents of sodium, bicarbonates, sulfates, and 
chlorides, and during high discharge periods by increased contents of calcium. 
The increase in sodium, sulfates and chlorides demonstrates the relative 
importance of groundwater inflow in this river during intermediate discharge 


period, while the increase in calcium shows the importance of surface runoff 
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from high calcium soils during the high discharge period. 


The Mclvor waters are characterized by increased contents of sodium, calcium, 
magnesium, sulfates, and chlorides during the high discharge periods. The 
increase in these elements during the high groundwater period demonstrates 

the importance of the hydraulic head in this area causing the increased 

Surface waters to penetrate to bedrock and subsequently increasing the discharge 


of high salinity water from depth as seepage and/or as springs. 


The chemical composition of the waters of Lake Claire is governed by the 
chemical composition of its inflowing streams and by the detention period of 


the waters in the lake. 


The weighted averages for total dissolved solids of Lake Claire waters show 
that during periods of low discharge the total dissolved solids content per 
unit volume of the waters of the lake increases approximately nine fold over 
the intermediate discharge period. This significant increase in toca’ dizeal- 
ved solids per unit volume is due to: (1) concentration of the dissolved 
solids by ice forming processes, and (2) release of elements from the lake 


bottom deposits under reducing conditions which occur during winter periods. 


The weighted average results also show higher total dissolved solids content 
per unit volume during the period of intermediate discharge than during the 
period of high discharge. This difference is considered to be brought about 


by dilution during the high discharge period. 


Further, a comparison of the weighted average results for total dissolved 


067 


solids per unit volume for the inflowing streams and Lake Claire show that a 
concentration of dissolved solids per unit volume is occurring in the lake 
(301.4 to 434.8 mg/l for the intermediate discharge period). The magnitude 
of this increase in total dissolved solids content in the lake waters can 


only be determined by a continuing water quality monitoring program. 


The weighted average results for the Lake Claire Basin show that during 
periods of intermediate discharge the waters of Lake Claire are characterized 
by increased contents of sodium, calcium, magnesium, potassium, bicarbonates, 
sulfates, and chlorides over the contents of these ions being discharged to 


the lake in the waters of the Birch and Mclvor Rivers. 


For the outflowing stream, the Prairie, the results show that during periods 
of high discharge this river carries slightly more total dissolved solids per 
unit volume than during the periods of intermediate discharge. During the 
periods of high discharge the waters of this river are characterized by 
increased contents of sodium, magnesium, sulfates, and chlorides, and during 
intermediate discharge periods by increased contents of calcium, and 
bicarbonates. There is relatively no flow in this river during the low dis- 


charge period, November to March. 


The weighted average results for Lake Mamawi show that during periods of high 
discharge the waters of this lake contain higher total dissolved solids than 
during periods of intermediate discharge. This lake is frozen throughout 
during the winter periods and this higher concentration of total dissolved 
solids during the period April-June is considered to be the result of the 


ice-melt in the lake as the discharge from Lake Claire, through the Prairie 
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River, does not reach its maximum until July or later. 


The chemical composition of the waters of Chenal des Quatre Fourches 
(Appexdix A Table |) for the month of June show that the concentrations 

of the major ions are similar to the concentration of the major ions in the 
waters of Lake Mamawi indicating this river carries the major portion of the 


discharge waters from Lake Mamawi. 


Of the total trace metal results presented for this basin (Appendix A 

Table 1), boron is the only trace metal in significant quantities being dis- 
charged to the lakes. However, the concentrations of many of the trace 
metals analysed for in this program increase very significantly during the 
winter period in the waters of Lake Claire, as discussed under the Water 


Quality Ice Cover Survey section of this report. 


The water quality results presented in this report, in general, show that 
relatively high concentrations of sodium, calcium, magnesium, chlorides, and 
sulfates are being discharged to this basin and that these ions are being 
concentrated in the lake waters. The significance of this concentration can 


only be determined by a continuing water quality monitoring program. 


The importance of a continuing water quality monitoring program, particularly 
in the Lake Claire - Lake Mamawi Basin, can only be assessed from the scanty 
information gathered during the 15 month period of this study, but the 
information to date, both quality and quantity, indicate that close scrutiny 
of the quality of the waters in this basin should be maintained for salts 


build-up with subsequent damage to the delta's eco-system. The importance 
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of such a monitoring program is more evident on examination of the evaporation 


rates in this basin. 


The evaporation rate of Lake Claire waters has been determined as 181,000 
acre-feet per year for a 561,000 acre-feet average lake volume and for Lake 
Mamawi waters as 14,000 acre-feet per year for a 17,900 acre-feet average 


lake volume. 


Lake Athabasca Basin 

General Considerations 

The Lake Athabasca Basin can be classed as a deep water open-basin fed by 
numerous streams with drainage basins entirely within the Canadian Shield and 
by the Athabasca River which predominantly drains over sedimentary rocks of 


the Western Sedimentary Basin. 


The Athabasca River during high discharge periods carries substantial sediment 
loads which are being actively deposited in the extreme southwest portion of 
Lake Athabasca: consequently this portion of the lake is shallow when 


compared to the remainder of the lake. 


Further, quality information from this study has shown that the Athabasca 
River waters entering this basin are not extensively mixed with waters from 
the Canadian Shield by the time they reach the lake outlet, the Riviere des 


Rochers. 


075 


Quality Considerations 


The average chemical composition as weighted averages for total dissolved 
solids and for the chemical parameters of this basin on a high, intermediate, 


and low discharge or volume basis are presented in Table V. 


The results show that the Athabasca River during low discharge periods 
carries more total dissolved solids per unit volume of water that it does 
during periods of intermediate and high discharge, and that during inter- 
mediate discharge periods it carries more total dissolved solids per unit 
volume than during periods of high discharge. Such results are typical of 


most Western Canadian rivers. 


The results also show that the waters of the Athabasca River are charac- 
terized by relatively high contents of sodium, calcium, magnesium, sulfates, 
and chlorides. The contents of these ions can be considered significant 
in water quality standards when conpared to the contents of such ions in 


Canadian Shield waters. (Appendix A, Table I1). 


The increase in total dissolved solids during periods of low discharge per 
unit volume in the waters of the Athabasca River demonstrates the importance 


of groundwater inflow in this river during the winter periods. 


The results show that the average chemical composition of West Lake 
Athabasca waters decrease with increased inflow of waters to the lake, a 
common phenomenon brought about by dilution. Whereas, during periods of 
intermediate and low discharge the chemical composition of the waters 


remained fairly constant. 
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The waters of Lake Athabasca are shown to be relatively low in total 
dissolved solids and that they are not significantly affected by the 
discharge of relatively high total dissolved solid waters from the 


Athabasca River. 


The Riviere des Rochers waters show higher contents of total dissolved 
solids per unit volume during periods of high discharge than during periods 
of intermediate discharge. These results indicate that this river is 
receiving high total dissolved solid waters from the Lake Claire - Lake 


Mamawi Basin during this period, in addition to waters from Lake Athabasca. 


The total trace metal results presented for this basin (Appendix A, Table !1) 
show insignificant quantities being discharged to the lake in waters of 


inflowing streams, in the lake waters, and in waters of outflowing streams. 


Water Quality Ice Cover Survey 
Peace-Athabasca Delta Comp lex 


General Considerations 
This survey was conducted during the period of maximum ice accumulation in 


the Delta complex for the 1971 winter season. 


The average thickness of ice on the various water bodies in the Delta 
complex was 4.0 feet. Consequently small water bodies, such as Baril, 
Mamawi, Hilda, and Richardson Lakes were frozen throughout. Lake Claire 
was frozen to the bottom except for the central, the deepest, portion of 
the lake and this portion of the lake contained water at depths of only 


four inches. The extreme southwest portion of Lake Athabasca was 
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frozen to the bottom for approximately three miles into the lake from the 
south shore, except for small channels carrying Athabasca River waters. 

The water under the ice in the southwest portion of the lake was, on the 
average, approximately 16 inches in depth. Generally, the lake waters 
under the ice cover became deeper toward the north shore, in the vicinity 
of Fort Chipewyan, and towards the center of the lake in an easterly direc- 


tion. 


Detailed information on ice thickness and water depths for the Delta 


complex is given in Appendix B for the locations as indicated in Figure 2, 


Quality Considerations 


The locations of all on-site water quality samples are shown in Figure 2. 
The on-site water quality results (Appendix B, Table 1!) show the waters 
in Lake Claire to be devoid of dissolved oxygen and to contain dissolved 
salts in the order of 2,800 mg/l. The inflowing streams to this lake, 
Birch and Mclvor, contained dissolved salts in the order of 1,000 mg/1 and 
2,400 mg/1 and dissolved oxygen in the order of 3 mg/1 and 4.5 mg/1, 
respectively. The outflowing river from this lake, the Prairie, contained 
dissolved salts in the order of 800 mg/l and dissolved oxygen in the order 


of 1.3 mg/l. These results are illustrated in Figure 4. 


The on-site analytical data on the waters in the west end of Lake Athabasca 
(Appendix B, Table 11) show that the waters entering the western portion of 
the lake from the Sedimentary Basin, and from Canadian Shield do not mix 

under ice-cover conditions. The Sedimentary Basin water contained dissolved 


in the order of 225 mg/l while the dissolved salts in the Canadian Shield 
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were in the order of 75 mg/l. The dissolved oxygen in these waters was in 
the order of 8 mg/l. The inflowing streams to the west end of this lake, 
Athabasca and Embarras, contained Hieeaied salts in the order of 255 mg/1 
and 568 mg/1, and dissolved oxygen in the order of 5.7 mg/l and 0.0 mg/1, 
respectively. The outflowing rivers from the west end of this lake, the 
Chenal des Quatre Fourches and Riviere des Rochers, contained dissolved 
salts in the order of 209 mg/1 and 172 mg/l, and dissolved oxygen in the 
order of 5.6 mg/l and 8.0 mg/1, respectively. These results are also 


illustrated on Figure 4. 


These results indicate a build-up of dissolved salts and reducing conditions 
in the waters of Lake Claire during the ice-cover period. Whereas, the 
waters in Lake Athabasca, west end, show no evidence of salt build-up and 
the dissolved oxygen levels are sufficient for most uses during ice-cover 


conditions. 


The build-up of dissolved salts in Lake Claire from about 220 mg/| for the 
open water period to about 2,800 mg/1 for the ice-cover period can be 
attributed to: inflowing streams with their water source entirely from 
ground waters, chemicals held in bottom sediments being released under 
reducing conditions, and the concentration of dissolved chemicals through 
ice formation. The dissolved salt content of the ice formed in Lake Claire 


in 1971 was 89.6 mg/l. (Appendix A, Table |). 


The analytical data of the waters under the ice cover from selected loca- 
tions In Lakes Claire and Athabasca during this survey are presented in 


Appendix B, Table I! as indicated in Figure 4. 
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Fig. 4 Salts imput and output for Lake Claire and dissolved oxygen 
levels of inflowing and outflowing rivers and the lakes, 
during I97I ice-cover period. 


083 


These data show the waters in Lake Claire, under ice-cover to be hard and 
to contain relatively high concentrations of calcium, magnesium, sodium, 
potassium, bicarbonates, sulfates, and chlorides. In contrast, the waters 
in Lake Athabasca were soft and contained relatively low concentrations of 
these major ions. In addition, the waters of Lake Claire were shown to 
contain significant concentrations of barium, boron, carbon, copper, iron, 
lithium, manganese, strontium, nitrogen and phosphorus when compared to the 
significant concentrations of these elements found in the waters of Lake 


Athabasca. 


The total dissolved salts concentration of the waters in Lake Claire under 
ice conditions make these waters unfit for human use, injurious to most 
aquatic plants, and detrimental for animal use. The anion content of the 
waters of this lake under ice conditions, especially the chlorides, are in 
the concentration range that can cause injury to most plants growing in the 
Delta complex, and may cause injury to any fine textured fish using the 


water. 


Of the trace metals reported in this study for Lake Claire, boron, copper, 
iron, and manganese were detected in concentrations that may be detrimental 
for some uses. The boron concentrations were sufficiently high to be 
deleterious to the higher plants, copper was found in concentrations 
injurious to most plants and high enough to interfere with the self- 
purification process of the lake waters by bacteria, iron was detected in 
concentrations high enough to cause taste and aesthetic problems and to be 
above acceptable limits for supporting good fish fauna, and manganese was 


found In concentrations high enough to be considered harmful for most uses. 
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The chemistry of the waters of Lake Athabasca under ice conditions, in 


contrast to the water of Lake Claire, can be considered as good for all uses. 


The nutrient elements, nitrogen, phosphorus, and carbon, were detected in 
quantities adequate for luxury plant growth in Lake Claire, and in quanti- 


ties more than adequate for plant growth in Lake Athabasca. 


Birch River, Lake Claire, Lake Athabasca 


General Considerations 
This survey was conducted in March, 1972 on request by the Fisheries Study 
Group for the purpose of determining the probability of the Birch River 


being used by fish to over-winter. 


The sampling locations for this survey are shown in Figure 2 and the date 
and time of sampling and the ice thickness at each sampling location are 
given in Appendix B, Table |. Samples of Lakes Claire and Athabasca waters 


were also taken during this survey for comparisons. 


Quality Considerations 


The water quality results for this survey are given in Appendix B, Table II]. 
These results show that, during the month of March, the waters of the Birch 
River contained dissolved oxygen levels ranging between 0.12 and 1.85 mg/1. 
Lake Claire waters showed 1.10 mg/1 of dissolved oxygen, whereas the waters 


of Lake Athabasca contained 11.51 mg/l of dissolved oxygen. 


These results disclose that the dissolved oxygen levels in the waters of 


the Birch River and of Lake Claire are insufficient to support fish during 
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1971-72 ice cover period, but that the Lake Athabasca waters contained 


sufficient dissolved oxygen to support a fish population. 


Lake Sediment Survey 


General Considerations 

Lakes represent holding and mixing basins for stream flows. The detention 
time of water in lakes provide a potential opportunity for slow chemical 
reactions to come to completion, and for the precipitates that may be 
formed to settle and become incorporated in the lake sediments. This is 


particularly true for close-basin lakes. 


The elements adsorbed on the sediments before and during deposition, and 
the chemical compounds incorporated in the sediments are a potential source 
of chemical constituents for aquatic life, and for release to the water 
system should conditions in lakes undergo a change from the oxidized to the 


reduced state. 


It was felt this source of chemical constituent was important to the quality 
of the water in the Delta complex, consequently a minor sediment program 


was carried out to explore the magnitude of this source. 


The sediments in the lakes in the Delta complex were collected during the 


month of November, 1971 at the locations shown in Figure 2. 


Quality Considerations 


The detailed analytical results for this survey are presented in Appendix C, 


Table |, whereas the median values for each parameter analyzed for each 
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lake within the Delta complex are presented in Table IV for ease of inter- 


pretation. 


Water stored in lakes commonly is poorly mixed, consequently the sediments 

carried by the water entering the lakes will be segregated and/or indiscri- 
minately mixed to form heterogeneous deposits. Single samples, therefore, 

of lake sediments can be assumed to represent only the spot within the 


deposit from which they come. 


This survey was conducted to ascertain the potential only of the bottom 
sediments as a storehouse for natural and induced chemicals that may be 
hazardous to the Delta's eco-system. It was not intended to characterize 


the lake sediments in this survey. 


The importance of the quantities of chemicals adsorbed and/or incorporated 
in the bottom sediments of the shallow lakes in the Delta complex has been 
demonstrated by the high concentrations of certain ions whose behavior is 
influenced by oxidation and reduction, as shown by the ice cover water 
quality survey. Under reducing conditions, the ice cover water quality 
survey has shown that certain chemicals held by sediments can be released 
to the overlying water resulting in concentrations deleterious to animals, 


plants, and aquatic organisms. 


This preliminary survey of the lakes bottom sediments indicate that these 
sediments contain sufficient quantities of chemicals which, if released by 


reduction processes, would be harmful to the Delta's eco-system. (Table VI). 
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The median values for the major cations, calcium and magnesium, indicate 
that between 40 and 70 percent calcium and between 6 and 10 percent 
magnesium of the total acid soluble quantities of these elements were held 
in the sediments by the exchange phenomenon. These values also show that 
30 to 40 percent manganese, 35 to 55 percent barium, 30 to 55 percent 
sodium, 10 to 25 percent potassium, and 50 percent strontium of the acid 


soluble quantities of these elements were held in the exchangeable form. 


While only small quantities of aluminum, copper, iron, lead, lithium, 


mercury, and zinc were shown to be present on the exchange complex. 


The significance of the exchangeable quantities of these elements in the 
sediments is the ease in which ion-exchange reactions take place between 
solutes and sediments when the chemical equilibrium of the system is out of 


balance. 


The median values also show that the Lake Baril sediments contain the 
largest quantities of chemical constituents, followed by Lake Athabasca, 
then Lake Claire, and finally by Lake Mamawi. Lake Baril evaporates to 
dryness during low water levels and Lake Mamawi input is from Lake Claire 
only which would account for these variations. Lakes Athabasca and Claire 


have input from rivers and streams. 


From the information gleaned from this preliminary survey, it is evident 
that a more extensive program on the chemistry of these sediments, as well 


as the quantity of the sediments being carried into the Delta lakes be 
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carried out immediately. The significance of such a program is increased 
many fold with the proposal to build structures for the control of the 


water level in the Delta complex. 
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CHEMICAL LOADINGS AND CHEMICAL BALANCES 


General 

The chemical loadings of the parameters presented in this report 
were calculated on the basis that one milligram per liter’of a chemical 
constituent in water is equivalentto 0.0012336 metric tons per acre-foot. 
Thus, 

mg/1. x 0.0012336 x acre-feet = loading in metric tons 

In order to carry out these calculations, the following assumptions 
were necessary: 


1, The chemical quality of the water remained constant 
throughout each month; 


2. The chemical quality of the delta waters during the 1972 
winter period was identical to the 1972 winter quality 
data; 

3. There was no inflow water from the Peace River; 

4. The Birch River contributed 80.8 percent and McIvor River 
contributed 19.2 percent of the total inflow waters to Lake 
Claire’, 

5S. In the five-year hypothetical sequence, all inflow waters 
came from the Birch and McIvor River Basins and all outflow 
waters were as streamflow in the Chenal des Quatre Fourches; 


6. The yearly average water composition remained constant for 
ther period 1974 ta 319772 


Lake Claire and Lake Mamawi were considered as two separate basin 
systems for calculating the chemical loading and chemical balances for the 
1971 period, but the two basin systems were considered as one basin system 
by a structure on the Chenal des Quatre Fourches at Doghead for the loadings 


and balances for the five-year hypothetical sequence. 
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The chemical loadings and chemical balances for the Lake Athabasca 


basin system could not be calculated because of insufficient flow data. 


Chemical Loadings 


Lake Claire and Lake Mamawi Basin Systems, 1971 


The chemical loading results by the month and by the year for 
each parameter, and the total dissolved solids loadings by the month 
and by the year for the Lakes Claire and Mamawi Systems are presented 
in Appendix 0, Table I 

These results show that the yearly total dissolved solids 
discharged to Lake Claire are in the order of 208 x 10° metric tons from 
the Birch River Basin and 56.3 x 10° metric tons from the McIvor River 
Basin, making a total of 264.3 x 107 metric tons of dissolved solids 
discharged yearly to Lake Claire. 

The Birch River Basin is shown to discharge to Lake Claire, 


yearly, inet nesorder -Ore26),.99x 10° metric tons of calcium, 6.3 x ite 


metric tons of magnesium, 38.9 x 10° metric tons of sodium, 52.8 x lee 
metric tons of chlorides, and 45 x 10° metric tons of sulfates, in 
comparison to 8.6 x 10°metric tons of calcium, 1.6 x 10° metric tons 

of magnesium, 7.5 x 10° metric tons of sodium, 8.3 x 10° metric tons of 
chlorides, and 2.2 x 10° metric tons of sulfates discharged yearly to 
Lake Claire for the McIvor River Basin. These results indicate that the 
yearly total dissolved solids contribution to Lake Claire from the Birch 


and McIvor River Basins are the order of a 4 to 1 ratio. The sodium- 


calcium-magnesium ratio is shown to be 6.6-4.5-1 for the Birch River Basin 
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and 3-4.5-1 for the McIvor River Basin, and the chlorides-sulfates 
ratio is shown to be 1.2-1 for the Birch River Basin and 4-1 for the 
McIvor River Basin. 

The results also show that the yearly total dissolved solids 
discharged from Lake Claire to the Prairie River was in the order of 


LIA cx ie metric tons. Of this total, the lake discharged 28.2 x 10° 


metric tons of calcium, 6.9 x 10° metric tons of magnesium, 23.2 x 10° 
metric tons of sodium, 30.8 x 10° metric tons of chlorides, and 41.3 
x 10° metric tons of sulfates. The discharge ratio of sodium-calciun- 
magnesium was 3.3-4.01 and for chlorides-sulfates it was 1-1.3. 

Lake Claire also received in metric tons 0.14 x 10° boron, 
0.46 x 10° Troms O. 01x 10° manganese, 1.8 x 10° potassium, 4.7 x 10° 
Silica, Wie 10° nitrogen, and 0.37 x 10° phosphorus, and discharged 
OOF x 10° boron O%02 tx 10° Ero, Ope 10% manganese, 1.7 x 10° potassiun, 
PP eo 10° SICA, Ue] esx 10° nitrogen, and 0.42 phosphorus. The amounts 
of copper, lead, and ginc discharged to the lake are considered 
insignificant. 

The results of the chemical loadings to Mamawi Lake from the 
Prairie River and Chenal des Quatre Forches show the lake received in 
the order of 211 -x 10° metric tons of total dissolved solids. Of this 
total, the lake received in metric tons 35.2 x 10° CAtCiumy JS bax 10° 
magnesium, 27.2 x 10° sodium, 25.9. x ‘ar chlorides, and 48. x te sulfate. 
The ratio of sodium-calcium-magnesium received by the lake was 2.6-4-] 
and for chlorides-sulfates it was 1-1.3. 


During this period Lake Mamawi discharged to the Chenal des 


Quatre l'ourches in the order of 173.9 x 10° metric tons of total 
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dissolved solids composed of, in metric tons, 31.8 x 10° calciun, 

7. O4X ie magnesium, 19.3 x 10° sodium, 24.7 x 1Oe chlorides, and 

24 ek 106 sulfates. The ratio of sodium-calcium-magnesium discharged 
by the lake was 2.5-4.3-1 and for chlorides-sulfates it was 1-1.3:; 


In addition, Lake Mamawi received, in metric tons, 0.07 x 10° 


pordn, 0903. 107)iton, 02.0 x 10° potassium, 3)0°x!10° siliea,©0.9 x 10° 
nitrogen, and 0.5 X 10° phosphorus, and discharged 0.05 x 16° boron, 
Broo’x 10> iron’ 1.6°x 10° potassium, 3.0 x 10° silica, .0.8 x.10 , nitrogen, 


iY loa U pga g 10° phosphorus. Insignificant amounts of copper, lead, and 


zinc were received and discharged by this system. 


Lake Claire-Lake Mamawi Basin Systems, Five-Year Hypothetical Sequence 


The chemical loading results by the year for each parameter and 
the total dissolved solids loading by the year for this system are presented 
im Appendix Uo , Tablemeit 

The results show that for the five-year sequence the system 
received 2,071.7 x 10° metric tons and discharged 1,351 x 10° metric tons 
of total dissolved solids. The major ions comprising these totals, in 
metric tons, were: 

(a) Received - 320.5 x 10° calcium, 63.8 x 10° magnesium, 

Big a8 x 10° sodium, 370.3 .xsl0meehlor ides) landlc72008exql Ureisul fates: 

(b) Discharged - 255.2 x 10° calcium, 60.4 x 10° magnesium, 
141.1 x 10° sodium, 174.6 x 10% chlorides, and 241.1 x 102 sulfates. 

The ratios of sodium-calcium-magnesium received were 5-5-1 and for 
chlorides-sulfates, 1-1.8. These ratios for discharges were 2.4-4.2-1 


and 1-1.4, respectively. 
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In addition, the system received, in metric tons, 1.0 x 10° 


boron, 0.02 x 10° copper, 3.1 x 10° iron, 0.007 x 10° lead, 0.1 x 10° 
manganese, 14.8 x 10° potassium, 42.3 x 10° Sidica, 40302 Ix 10° Zine, 

PS 10° nitrogen; sand '2262x 10° phosphorus. During the same period 

the system discharged, in metric tons, 0.3 x 10° boron ;hO2015x 10° copper, 
0.2°x1n0" Ldponptlael gxyie” potasstumpted.9tkelOomae hi camaGpbene wos 


ZINGE Os “xX 10° nitrogen).dand i287 4x 10° phosphorus. 


Chemical Balances 
Lake Claire and Lake Mamawi Basin Systems, 1971 

The results of the chemical balances by parameters and by the 
year are presented in Appendix D , Table III 

These results show that the Lake Claire System received 264,247.9 
metric tons, discharged 174,089.1 metric tons, and retained 90,158.8 metric 
tons of dissolved solids during the 1971 period. 

The results also show that the system retained 59% boron, 0.6% 
calcium, 13% copper, 95% iron, 100% lead, 100% manganese, 5% potassium, 
13% magnesium, 50% sodium, 50% silica, 50% chlorides, 40% total nitrogen, 
84% nitrates, and 39% sulfate of the total metric tons of these elements 
discharged to the system. In addition, the system discharged 109% zinc, 
113% total phosphates, and 103% bicarbonates. 

For the Lake Mamawi System, the results show the system received 
211,270.9 metric tons, discharged 173,888.2 metric tons, and retained 


37,382.6 metric tons of dissolved solids during the 1971 period. 
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This system is shown to retain 30% boron, 9% calcium, 27% copper, 
30% iron, 21% potassium, 12% magnesium, 29% sodium, 9% zinc, 31% chlorides, 
7% total nitrogen, 34% total phosphates, and 32% sulfates of the total 
metric tons of these elements discharged to the system. In addition, the 
system discharged 102% silica, 396% nitrates, and 103% bicarbonates. 

Of the total dissolved solids retained in Lake Claire 25.7% is 
sodium, 8.1% is calcium, 1.1% is magnesium, 33. 640s. chlorides, 28.7% 1s sul- 
fates, 2.6% is silica and the remaining 0.2% contains the remainder of the 
elements. 

For Lake Mamawi, the total dissolved solids retained by the lake is 
composed of 2].3% sodium, 8.9% calcium, 2.8% magnesium, 29.7% chlorides, 

37.0% sulfates, and the remaining 0.3% contains the remainder Otetne elements. 

The above percentages show that the quantities of ions retained by 
Lake Claire, in order of descending values, are sodium, calcium, and magnes- 
ium for the cations, and chlorides, sulfates, and silica for the anions, but 
in Lake Mamawi the order of descending values are sodium, calcium, and 
magnesium for the cations, and sulfates and chlorides for the anions. 

Lake Claire - Lake Mamawi Basin System, 5 Year Hypothetical Sequence 

The results of the chemical balances by parameters for the 5-year 
sequence are presented in Appendix D , Table III 

The results indicate that this system will receive 2,071,680.3 metric 
tons, will discharge 1,351,250.7 metric tons, and will retain 720,429.5 metric 
tons of dissolved solids over the 5-year period. 

The results also indicate the system will retain 68% boron, 20% 
calcium, 40% copper, 95% iron, }00% lead, 100% manganesc, 18% potassium, 5% 


magnesium, 55% sodium, 36% silica, 70% zinc, 53% chlorides, and 28% total 


096 


nitrogen. In addition the system will discharge 528% nitrates, 103% total 
phosphates, and 167% bicarbonates. 
Of the total dissolved solids that will be retained by the system, 
19.3% will be sodium, 7.1% calcium, 0.4% magnesium, 21.3% chlorides, 47.1% 
sulfates, and the remaining 4.8% will contain the remainder of the elements. 
The above percentages show that the quantities of ions that will be 
retained in the system, in order of descending values, are sodium, calciun, 


and magnesium for the cations, and sulfates and chlorides for the anions. 


General Discussion 

Salts and ions retained in a system such as the Athabasca Delta 
may be taken up and/or lost to the system by aquatic plants and organisms, 
terrestrial plants and animals, and to a small degree by evaporation. They 
may also be sorbed on suspended and bottom sediments, both organic and 
mineral, and incorporated in the bottom sediment as precipitates of the less 
soluble salts. 

The results of the chemical loading to the delta's water systems 
show the greatest quantities of ions being transported as sodium, calcium, 
magnesium, bicarbonates, chlorides, and sulfates. 

The salts of sodium are highly soluble and once sodium has been 
brought into solution, it tends to remain in that status. There are no 
important precipitation reactions that can maintain low sodium concentrations 
in water. However, sodium is retained in systems by adsorption on clays and 
organic materials. The rate of adsorption depends on the concentration of 
the ion in the water and the degree to which the ion is held on the exchange 
complex, but there is a limit to the quantity of sodium held in the system by 


adsorption. 
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When the exchange complex of the clays and organic materials are 
in equilibrium with the sodium content in the water, the sodium content in 
the water will increase until a concentration is reached where further 
exchange will take place and the process can continue until the exchange 
complex is saturated with sodium. While this process continues there will 
be a slow increase in the concentration of sodium in the waters, but when 
sodium saturation of the exchange complex is achieved the increase in 
sodium content in the waters of this system will be greatly accelerated. 

The minor survey results of the sediments presented in Appendix C 
Table I , show that the exchange complex of the bottom sediments of these 
systems are approximately 4% saturated with sodium, and with the major ions 
adsorbed being calcium, magnesium, and potassium. 

To replace the calcium, magnesium, and potassium ions on the 
exchange complex will require higher concentrations of sodium in the systems 
waters, but if the concentrations of sodium being discharged to these systems 
by inflowing streams continues, approximately 46,000 metric tons per year, 
this required concentration may be reached rather quickly. However, due to 
sodium uptake by living organisms in the system and losses by evaporation, 
the rate of sodium increase in these systems can only be accurately determined 
by a monitoring program. 

Because of the high concentrations of.sodium being discharged to 
these systems yearly and the toxicity of the salts of sodium, such as sodium 
chloride, sodium bicarbonates, and sodium sulfates, to the present aquatic 
plants and organisms, and terrestrial plants and animals of the delta complex, 


it is considered essential to monitor these systems for sodium buildup and 
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particularly so if structures are to be built for water level control. 
It is also considered essential that any structures built have controls 
that can release buildup waters, when salt concentrations in these 
waters reach levels that can damage the delta's eco-system. 

The concentrations of the other ions being discharged to these 
systems, such as calcium, magnesium, boron, generally do not reach high 
concentration in waters due to mechanisms within the system that cause 
the salts of these ions to precipitate and to be incorporated and buried 
in the bottom sediments. The results of the acid soluble analysis of the 


sediments, Appendix C, Table I show the effectiveness of these mechanisms. 
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CONCLUSIONS 
This brief study serves mainly to point out the potential hazard of chemical 
build-up in the basin systems of the Peace-Athabasca Delta Complex through 
the chemical composition of inflowing stream waters, and through evaporation 


of the delta's water bodies. 


The results of this study are based on the chemical quality of the delta 
waters during the 1971 water year which is considered to be a low water yield 
year by hydrologists, thus the chemical loading results as presented in this 
report could be somewhat different to chemical loading results for an average 


water yield year. 


The results obtained from this study demonstrate the importance of water 
quality considerations when studying eco-systems such as the Peace-Athabasca 
Delta by bringing to light the increased concentration of sodium and chloride 
ions in the waters discharged to the delta's water bodies and the loadings of 
these ions to the delta's systems which can pose a problem in managing the 


water resources of the delta complex. 


The study demonstrates that a potential hazard exists through chemical bui|ld- 
up of salts in the Lake Claire and Mamawi Basin Systems to that portion of 
the delta's eco-system encompassed by these systems. It also demonstrated 
the need for further studies to determine the source of the chemical ions 


and chemical salts retained by the system and the chemical forms these 
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elements take when incorporated in bottom sediments. 


Because this study falls short of determining the source of the chemical 
constituents retained by the delta's water systems due to a time restraint 
placed on the study, the chemical build-up in the water bodies of the delta 
cannot be accurately assessed. Therefore, a water quality monitoring program 
of the delta's water bodies is essential to accurately plot the chemical 
hydrology, especially for those water bodies affected by control structures, 


to adequately protect the delicate eco-system of this delta. 
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RECOMMENDATIONS 


The results of this preliminary study have shown that the chemical input to 


the waters in the delta's reservoirs by inflowing streams poses a potential 


hazard to the ecology of the delta complex. 


For the protection of the delta's ecology against this potential hazard, the 


following water quality measures are recommended: 


Ie 


A semimonthly monitoring program for Lakes Claire 

and Mamawi be initiated immediately to monitor the 
concentrations of total dissolved solids, major ions, 
pH, and dissolved oxygen, supplemented by a program 

to determine the trace metal concentrations seasonally. 


Establish water quality and quantity monitoring stations 
on key inflowing streams to the delta for the purpose of 
obtaining more accurate information on chemical loading 
to the delta's water basin systems through long-term 
records. 


A study be initiated on the delta reservoirs to determine 
the mechanisms and methods of retention and/or loss of 
chemicals constituents to the basin systems. 
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CHEMICAL AND PHYSICAL PROPERTIES OF THE SURFACH WATERS OF THE ATHABASKA DELTA COMPLEX, ALBERTA 
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Total Cations (me/1) 0.7795 1.4116 1.4072 11.5034 1.6638 1.4386 1.5685 1.3989 

Cl (mg/1) 9.6 16.7 22.4 6.0 28.4 22.0 27.0 22.8 
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HCO3 mg/1) 26.1 Sie: 45.2 45.2 ile: 40.1 43.4 42.8 
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Total Organic C (mg/1) 11 i 8 om 7 7 6 rm 

Total Inorg. C (mg/1) 2 9 7 B 7 7 8 8 
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APPENDIX B 


TABLE J] 
ON-SITE WATER QUALITY ANALYSIS 


[ce Water Cond. Diss. 
Traverse Stn. Date Thickness Depth Temp. umnos/cm Oxy gen 
Line No. No. 1971 (feet) (feet) (9C) pH ate °G mg/1 
Lake Claire 
J v ADE Le erat) 0.6 0 Wee 2458 12 
1 9 J oat 0.9 0 qe, 3600+ 0 
1 11 } ae Wee: 0 i T9G7 0 
2 Fi u 4.0 Ont 0) ene 3600+ 0 
2 11 Hi ngs! OFZ 0 ipes® 3600+ 0 
2 13 oy 4.4 On ) Vas 3096 0 
3 - N Sito 0.0 - - - - 
4 - 4.9 0.0 - ~ - - 
5 - 2.0 0.0 - ~ - - 
6 - HJ Li 0.0 - - - - 
ri - Ze 0.0 - - - - 
8 3 uM Ags: Ore 0 Fie) 3600+ 0 
8 5 if o.8 OZ 0 74 3600+ 0 
8 i 526 0.4. 0 8.1 3600+ 0 
9 - - a) 0.0 ~ ~ - ~ 
10 2 - Sel 00S 0 7.0 1967 0 
10 6 us 55 Qe2 0 as TS54 0 
11 - 4M - 0.0 - ~ ~ ~ 
IZ - a - 0.0 - - - ~ 
Mamawi Lake 
13 - Mar. 31 OF 0.0 - - ~ - 
14 - 4 O25 0.0 - - - - 
15 - i 0.3 0.0 - ~ - ~ 
16 - 7s 0.3 0.0 ~ ~ ~ - 
Baril Lake 
LZ - i OFS 0.0 - ~ - - 
18 - Hy Os 3 0.0 - ~ - - 


Richardson Lake 
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Ice Water Cond. Discs 
Traverse Stn. Date Thickness Depth Temp. yumhos/cm Oxy gen 
Line No. No. 1971 (feet) (feet) Oy pH ata2o mg/1 
Birch River 
41 Z Apr. 8 Zot St 0 Ee! 2049 O10 
41 5 i 270 Spee: 0) icing 1912 AE 
41 5 uv LT ZU 0 Pao 1275 Sea 
McIvor River 
42 5 Apr. 8 1.6 0.2 eo oe 3600+ 4.6 
42 6 Cet Lette) 0 oo) 3600+ ace: 
42 7 2.6 2.4 0 8.4 3600+ ha 
Athabasca River 
Below Fort 
McMurray Apr. 6 - - 0 ino 427 - 
48 s Apr Zn Dicill 0 728 437 6.2 
48 a i Paws fees) 0 es 446 10.5 
48 9 ie 2.4 24.6 0 78 455 - 


Athabasca River - Fletcher Channel 


49 9 Apr. 7 2.6 as 0 Via 419 Sie) 

49 11 y Luo 4.6 0 Jas 483 5.0 

49 12 " aay i ce 0 (es 473 6.1 
Athabasca River - Goose Island Channel 

50 4 Apr. a Bik 4ae2 0 poms 401 6.6 

50 8 Pa Teo 0 8.0 401 — Se. 

SO 11 u ate Thee: 0 8.5 410 6.6 
Athabasca River - Big Point Channel 

51 3 ra veges Of 2.0 ek 0 8.0 392 spre 

51 5 wu 2,4 Se 0 SZ 410 fe S| 

al 7 WL 225 8.5 0 8.4 437 5.4 
Embarras River 

47 G Apr. 4 hehe 10 0.5 7.0 910 0 

47 6 aS Pee 2.0 ARS FS 9 83 () 

47 8 a 1.9 0.5 0.5 Taw 947 0 
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Ice Water Cond. Diss. 
Traverse Sai 8 Date Thickness Depth Temp. pamhos /cm Oxy gen 

Line No. No. 1971 _(feet) (feet) (26) pH Bt 25¢¢ mg/1 
Prairie River 

54 4 Apr. 3 5.8 4.7 0 deel 1366 aoe 

54 5 a 4.3 ora) 0) ~ 45th He 2 

54 6 . 4.3 OL 4 ) - 1366 iow 
Clarre: River 

52 Z Apr. Zou OES 0.5 7.0 501 5.0 

on 4 © 370 5.0 0.5 Ta 546 0 
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46 9 " a0 é pay 0 TER 410 aes 

Rivere des Rochers 

Si 6 Apr. 11 ai TA 24.4 0 - 346 8.9 
53 8 si SGA 209 0 - 228 Ret 
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APPENDIX C 


TABLE I 


Exchangeable and Acid Soluble Analysis of Sediments 


Peace-Athabasca Delta Lakes 
(mg/100 gms over-dry weight unless otherwise Stated) 


Lake 
Parameters Baril Lake Athabasca Lake Claire Lake Mamawi 
: Center West Center East West Bast South West East 
Sample Fine 
T exture Clay Clay Clay Clay Clay Clay Clay Gray Clay 
Mixture % 1.6 0; S02 176 Pin | 2D 0.9 0.3 1.3 LEG 
Volatile % hee SZ O0n tOo ee Ono TAG ALT OSs 5.9 55 
Al - Exch. 0.74 0.30 - - 0275 22-010 0.15 £0.10" 720510 
= 501. 780 550 775 oo 635 580 5 480 505 
Ba - Exch. 8.9 5.0 - - 41 Avs 0.92 US AOS 
- Sol. 15.9 1081931455 13.1 9.4 8.1 fealkss 9.1 ee 
B - Exch. Os22 0.09 - - Oe a 0.15 0.03 0.17 0.09 
= Sol, - - - - ~ - ~ - - 
Ca = Exch. USS 1000 - - 350 Thee) 65° 385 385 
- Sol. 1110 2065 970 690 505 1510 300 885 935 
Cia Exch. 0.05 0.04 - - 0.05 0.04 <0.01 02035 0.03 
- Sol. ES fo) Ae 205 26 Dio 204 0.3 slgeate: 1.6 
Fe - Exch. 0.35 OF 37, - ~ 0.50 fez 0.20 OFS 0-13 
- Sol. 3030 1910 2750 2630 2550 1640 530 1890 1670 
Pb - Exch. £0.10 <0.10 ~ - “O210- <0210) 20.10 20510. "26210 
- Sol. 1.9 125 1.8 1.8 15 1.4 0.35 jap te7 
Li - Exch. 0.03 0.02 - - 0.04 0.02 <0.003 0.02 0.02 
- Sol. Loy. 1.3 Ley, 1.8 1 ae 12 0.32 1 at 1.0 
Mg - Exch. 63.1 A2e5 - - 74.3 3502 e582 AT 5 43.1 
- Sol. 665 765 590 600 450 675 410 540 565 
Mn - Exch. 19.9 1 be - - Lael 9.8 Ze 10.9 Lie 
- Sol. 59.2 46.6 °97.5 60.6 S720 40.3 1050 35.4 34.1 
Hg - Exch. 0.0008 0.0003 - - 0.0001 0.0003*0.00005 <0.0000540.00005 
- Sol. 0.017 0.015 0.017 0.016 0-015. O0:016 0.003 0.013 0.010 
hoe Exch. 22568 11.8 - - 2280 13.6 oes 13.9 13e2 
- Sol. 96.8 69.0 90.8 115 97.1 64.3 20.0 62.4 124 
Na - Exch. 6.0 4.0 - - L320 75 AY oes 6.8 
- Sol. 10.8 Teel ples 11.6 Lawl To 6.3 L529 11.9 
"57 = Exch. oe 2.0 - - 2a Pye 0.35 les ithe 
- Sol. 4.3 6.3 bas 4.8 Beek Se 1.0 4.0 Ss) 
Zn - Exch. fa hanes | 0.30 ~ - Oo 0735 0.09 0.16 0.16 
es ls 12.4 878° 103 10.6 9.4 8.3 270 Pa 678 
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INTRODUCTION 

The recent construction of the W. A. C. Bennett Dam in 
the headwaters of the Peace River has aroused concern regarding 
the effects of regulated streamflow on the ecology of the 
Peace-Athabasca deita area. An interdisciplinary study was 
launched to determine recent runoff and lake-level patterns 
and their effect on animal and plant life in the delta. However, 
the water level and runoff records are relatively short. Water 
levels of Lake Athabasca have been recorded only since 1930, 
and records are incomplete. Measurements of runoff for the 
two major river systems are also limited. The longest and 
most consistent record for the Peace River is from the town 
of Peace River, about 350 miles (560 km) upstream from the 
delta. It begins in 1916, but information from 1932 to 1958 
is missing. The record for the Athabasca River is obtained 
at the town of Athabasca, about 300 miles (480 km) upstream 
from the delta. It begins in 1913 but is fragmentary for 
the period 1932-1958. Some evidence indicates that these 
existing records are not representative of runoff and water 
levels over a comparatively long period of time. This study 
is an attempt to reconstruct the levels in Lake Athabasca by 
study of tree-ring series and to estimate any long-term trends 


that may not be present in the historical measurements. 
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Techniques for reconstructing hydrologic records from 
tree-ring data have recently been developed at the Laboratory 
of Tree-Ring Research. These techniques utilize multivariate 
analysis to calibrate tree-ring widths with runoff for periods 
covered by existing historical records, and these relationships 
are then applied to estimate runoff from LLGG=rine data wor 
years for which no aitedct measurements of runoff are available. 
The lengthened record permits improved estimates of the long- 
term mean, variance, and first-order serial correlation-- 
three useful statistics in hydrology. The nonrandom, long- 
term or low-frequency changes resulting from climatic variation 
recorded by the tree rings are transferred to the hydrologic 
estimates. Since the climate of Western Canada has varied 
markedly in recent years, the reconstruction of hydrologic 
records by using some substitute for climate, such as tree 
rings, is superior to synthesizing the longer hydrologic 


records by purely statistical means. 
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OBJECTIVES 

In the past, the ecology of the delta has been sustained 
by frequent high-water stages that fill the lakes, depressions, 
and sloughs with water and inundate much of the rest of the 
area in June and July. The summer high level of Lake Athabasca 
starts receding by late August and September, and water levels 
in the smaller bodies, which receive outflow from the larger 
lake, follow in a similar recession curve at a reduced but 
continuous rate, until the minimum water levels are reached 
usually in March. The major factors controlling water levels 
within the delta region are the level of water in Lake 
Athabasca and the occurrence of high-water stages on the 
Peace and Athabasca Rivers. 

Relatively old white spruce growing on the crests of 
natural levees along the major waterways in the area were 
found to have rings that varied in width from year to year. 
This variation was similar for all trees in a local stand, 
and it was inferred that some environmental factor common 
Lo the trees of the stand had become limiting to growth. 

The trees are 300 miles (480 km) south of the arctic tree 
line, so it is possible that soil moisture could have been 
limiting to processes that ultimately affect growth. Also, 
conditions of flooding might become so extreme as to affect 


aeration and limit processes affecting growth. If tree 
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growth becomes sufficiently limited by soil moisture 
conditions, then ring-width series from selected locations 
within the delta might serve as records of water levels. 
They might then be used to reconstruct the long-term changes 
in water levels of the Peace-Athabasca delta system. 

The specific: objective of this study is to calibrate 
ring widths of trees from stands at several delta locations 
with existing records of water levels from Lake Athabasca. 

If the variance explained in the calibration is sufficiently 
high, the ring widths can be used to estimate the water levels 
of Lake Athabasca that existed prior to the existent records. 
These extended records can be utilized to evaluate any bias 


the short historical records of lake levels might contain. 
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DENDROCHRONOLOGY 
Tree Growth Model 

Two climatic factors--precipitation and temperature-- 
control the water balance in a tree. The water balance 
affects processes governing manufacture and consumption of 
food as well as processes of growth. In semiarid regions, 
seasonal variations in these two climatic factors are reflected 
in the ring-widths of conifers. By contrast, trees near the 
arctic tree line, that is, at,elevations within 325 ft (100 m) 
of the upper climatic limit of the species, respond more to 
temperature before and during the growing season than to 
available moisture at the site. The best records of 
temperature seem to come from trees that grow in outliers 
north of the arctic tree line. However, the range of sites 
where low temperature alone is limiting to growth is restricted, 
and in certain areas high-altitude trees that grow near their 
temperature limits are also limited by fluctuations in soil 
moisture; i. e., both low moisture and low temperature are 
limiting at certain times of the year. Because the white 
Spruce in the Peace-Athabasca delta region are not far enough 
north for their growth processes to be severely limited by 
low temperature, their rings do not readily reflect temperature 
variations. 


It was at first surprising to find that the widths of 
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rings in the trees from the delta region vary from year to 
year as much as they do and that they cross-date so well from 
Site to site. However, the climate of the Peace-Athabasca 
region is known to be dry as well as cool. (Mean annual 
precipitation at Fort Vermilion is only 14.31 in. (36735" cm). 
It is also noted that white spruce are most vigorous and 
oldest on well-drained sites at the tops of levees. Trees 
grow well as long as an active stream is nearby, but if a 
stream meander is cut off or migrates, there appears to be 
deterioration in growth in white Spruce and species typical 
of wetter areas begin to invade the site. This implies that 
some factor related to the presence of the river--probably 
water stage--is affecting the growth of white spruce on the 
natural levees. 

The growing season for white spruce was not actually 
observed but it probably begins in May or early June and 
ceases in August or September. Growth is dependent upon the 
maintenance of favorable water and food balances within the 
tree. Therefore, high growth may be dependent upon favorable 
balances for the entire photosynthetic period, which may 
begin in spring when needle Cemperatures remain above freezing 
(except for short periods at night) and end in autumn when 
night temperatures drop well below freezing. Growth may 


cease before the tree ceases to photosynthesize, so the 


ry 


conditions of one season can influence the growth of the next 
season. In addition, excessive moisture (lack of soil oxygen) 
can limit root growth so that extensive flooding in one year 

can limit root growth and limit the ability of a tree to 

absorb water the following year. Flooding can also bring 
nutrients into the ecosystem which favor high growth in the 
following year. A thorough investigation of these possibilities 
would be worthy of further investigation, but such an 
investigation could not be accomplished in the time available 
for this study. 

Therefore, an empirical model is assumed in which high 
or low water at different times in the year can affect the 
growth for that year and the growth for the following year. 
Individual sites may vary in their soil moisture and aeration 
characteristics, and the growth period may vary somewhat 
between sites. The model, therefore, must be flexible enough 
to allow for differences between sites, differences between 
immediate effects and lagging effects, differences in time 
of flooding, differences due to limiting effects of low 
moisture and of excessive moisture, and interactions where 
conditions may limit growth in one year but favor growth in 
the next. 

Continuous records of lake levels are available for three 


periods within each year, so it is possible to assess 
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differences due to early or late occurrence of flood stages. 
By using canonical analysis as the appropriate statistical 

model, allowance is made for interactions in tree growth at 
each site and these are used to provide information on lake 


levels at three different times of the year. 


Peace-Athabasca Delta Tree-Ring Samples 

Six tree-ring sites were sampled within the delta region 
during May and early June, 1971. The locations of these sites 
(shown in Fig. 1) were largely determined by availability of 
old-aged trees, but where possible they were chosen so as to 
reflect differences in the water levels within the inlets and 
outlets of the delta hydrologic system. Specifically, the 
sampling scheme was designed to monitor the level of the 
Athabasca River (the Athabasca River site), the Peace River 
(the Peace River I site), and the main outflow channel of 
Lake Athabasca, Riviére des Rochers (Peace River II and Revillon 
Coupé sites). The other two sites, Claire River and Quatre 
Fourches, were sampled with the hope that they might show 
changes that occurred within the lake system. The Athabasca 
River and Claire River sites appeared to have relatively 
well-drained soils, and the Quatre Fourches and Revillon 
Coupé soils appeared to be poorly drained. (No sampling or 


detailed examination of soils was made.) The Peace River II 


Figure 1. 


Locations of the 6 tree-ring sites. 

1 Quatre Fourches 4 Revillon Coupe 
2 Claire River Seereace River. 
3 Athabasca River 6 Peace River ITI 
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site is located at the confluence of the Peace and the Rochers 
Rivers, and the Peace River I site is about 15 miles (24 km) 
upstream. Therefore, the differences in growth between these 
two sites should reflect high stages on the Rochers, the main 
outflow channel from Lake Athabasca. 

Ten or more trees were sampled at each site, and two 
replications were obtained from each tree by extracting cores 
from opposite sides of the main stem. The cores were mounted 
and dated, and ring widths were measured to the nearest 
hundredth of a millimeter. Some samples were incomplete, so 
the minimum sample size was sometimes as low as eight trees 
per site, with two replications per tree. 

Besides the trees sampled in 1971, additional tree-ring 
Series were also available. One in particular is located 
near Patricia Lake in Banff National Park, which is near the 
headwaters of the Athabasca River. This chronology is 
included here to provide some visual comparison of moisture 
conditions in the headwater region of the Athabasca River. 

It is 800 miles (1300 km) southwest of the Lake Athabasca 
Site. 

The mean values (Appendix I) for each year in the seven 
chronologies are shown in Fig. 2. Table 1 includes the 
name, location, length of record, and several statistical 


measurements of the seven chronologies shown in Fig. 2. 


ene Lake 


prtar a sites teenth 


1900 io “701730 


ito 178 


Peace River “ie 


Atha 


Figure 2. 


101700 170 1 7ho he 170 1780 1000 iel0 4 ie20 1850 1640 100 robo iaho veho ieho isho isto isko isbo sho sto sho: 


! 1 { ' ] ! ! 
POT) 20 re RG Tae re ea 
' ' ' ' : ! ‘ i : 
' ! 4 ; ' i \ \ i , ' 
basca River a ee 
! ! 


Fe 


ig 


- ~~ 4 
17201750 1730 We 1 150 176 Dew te 4 1780. “1780 1800 ~yet0 \eeo 1650 1840 1850 1660 1840 1880 1690 190 1910 19%0 1950 1940 1950 isbn 1970 


Quatre Fourche 


f ' | ' 

: ! Revillon ie ! ! . Pe Ce 
i ' : j 

! ; 1 ' ' ' 

' t t | 1 ' 


\ \ 
‘ ' : 

' 

1 ' 1 

UY By a yeh meray tts 
(i be * 

i7ho 1ebo ic 1ek0 1830 1840 1850 tebo 18% 1ebo 1eb0 1ebo 1910 1eho 190 190 180 1360 1 

' 


t 
‘ 
' ' 
' ' 
: ' 
: ' 
\ 


4 
' 
' 
' 
' 
t 
' 
' 
' 
t 
' 
‘ 
! 
' 
I 
{ 
’ 
' 
' 
1 
t 
1 
' 
' 


' ' 
‘ i] ' 
! { 
! ' 
! ' 
! ' 


onal aie es a ee oy a eG ae Ste Sir Sanna See 
1769. 1710 101750 1740 #1 VEN 17 iT i] i yAIM YAN 1R 40 140 1 1 1 1 i] ’ mio 4 1 1840 190 1 it) 
é . ' 1 ' I ' | u | 
Claire River | 
| ! u | \ ' t ' 
' ! 
‘ { ' ' 1 ' ' 1 
‘ t ' 
| 1 ' ' ' ! 1 ' 
| goes Regt glotard Link) Ga: 
i) t y : 


' 
‘oe 2 
' 
14fL Ro ee eA ee 


eae ne ! 


weaneent saomancane 


ielu THe as yen “1850” 1660 80” “1860 ‘160 "1900 i9ic tas i903 90d iO 


Plots of individusl tree-ring series from the Peace-Atha- 
basca Rivers Delta compared with a plot of a tree-ring 
series in the upper watershed of the Athabasca River (the 
Patricia Lake series). 


Pil 


Fil? 


“SUOTILOT [ddI Ruowe saouetezyip 03 peanqtzajqe DOUETIZA © st st 
"$991] Suowe saoueiasjIp oF P2INgT399e BsoueTreA Y ST “ze 
“Seert3 TT pure suotzeottdez [[e oF uoummos saotput Aq{azeak UT SOURTIeA % ST bo 


“OL6T YSnozy. OCTET saeeh A0z aodueTIeA JO stsATeuy » 


MA OS AS. EATS LAO LEO 81°O OL61T-703T M,SS ,LIT N,8S 8S ¢ I 4eATY 99EO” 
GS°82 L°9E TL°SE 8L°0 872 °0 Pew OL6T-O9LT WSS. SIME INS teks c TPATY SATPTD 
cO le #9°6 BYE ES ‘Si, (8) L£Z°0 ELS OL6T-869T WOE Bue HOS 6s 9 II TeATY 990Eg 
06 °Sz O0°0€ 0S 7% 99750 8c°0 72 °0 OL6T-€8/AT ule Teele RRA. cates Vi -2dnoQ UOT TAeYy 
Tele, CO! 7b Sy ins Sea ee °0 CnC OL6T-S9LT EC eo LE Lew Nig cme SS T ssyoiney eijzend 
S6r 96) 20 5S. COOLS 9¢°0 47°0 610 OL6T-80LT MiiClate Le Gee Ny Como SS € teh Tae VOSEGEH Ty 
Ge 02° BL 1O te. 2g 87°90 0 ceo ¢961-O02T M,90 .8IT ee 20S eyeT PTotagrdg 
JL "6 Lhe Ap MOTRZE TIATED UOT] eTASG AVTATSTsSuss pI0Iey BpNITsuoyT spnqIaeqT 
2 z 2 TIQUNN 
yx STLeUuodt0g @UETAEA AZapAQ 3SATY pazepueqs UBoOW JO potisag JOTIeDOT dey SeTtieg Buty-se1ry 


P13 


In all series, the measured ring widths have been 
transformed to indices by fitting a straight line or modified 
exponential curve to the measured ring widths. Indices are 
formed by dividing the respective ring widths by the 
corresponding value of the growth function, and can be thought 
of as a percentage of the expected growth for the year. The 
transformation is necessary in order to convert the non- 
stationary ring-width series to one that is stationary (i.e., 
one that possesses a mean and variance that is not a function 
of time). This method, which is standard procedure at the 
Laboratory of Tree-Ring Research, is described in detail by 
Stokes and Smiley (1968). As a result of this transformation 
to indices, the mean of each series is equal to 1.00, whereas 
the variance is a function of the amount of ring-width 
variability in the site. 

Visual inspection of the plots of the mean tree-ring 
series in Fig. 2 shows major growth anomalies in the past 30 
to 40 years. The 13-year period 1955-1967 was a period of 
above-average growing conditions for trees on the delta sites. 
A similar trend evident in the Patricia Lake series in the 
headwaters of the Athabasca River seems to precede the high 
growth in the delta series by about 5 years. Prior to this 
period of high growth was about 18 years (1938-1955) of 


persistently low growth, which suggests that this 18-year 
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period was generally unfavorable to the trees, perhaps as a 
result of below-average soil moisture. All six delta series 
show a downward trend in growth from 1966 to 1970, including 
the Athabasca River site, which is obviously unaffected by 

the impoundment of water behind the W. A. C. Bennett Dam. 

This suggests that, irrespective of the dam closure, the 
growing conditions and, by inference, the moisture conditions 
of the Lake Athabasca delta region would have been reduced 
somewhat because of reduced precipitation. The 20-year period 
1920-1940 was generally one of above-average growth for the 
delta trees, with 1935 being exceptionally high and 1927 being 
low growth years. The Patricia Lake chronology shows this 
Same period as being generally below average for tree growth 
in the upper portions of the watershed. The period 1900-1920 
was generally one of average tree growth, with the exception 
of the Athabasca River site, which is above average. The 
period 1880-1900 shows below-average growth in all except 
Peace River II and Athabasca River sites, but only in the 
Revillon Coupé chronology is this low growth comparable in 
degree to that in the period 1938-1955. This growth departure 
does not appear in the Patricia Lake chronology. It shows 
anomalously high growth for the period 1872-1882, but the 

high growth is not reflected in the growth at any of the six 


delta sites. In fact, the period 1878-1881 shows below- 
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average growth in most of the six delta chronologies. The 
period 1840-1859 was generally above average in growth for 
the delta area but mostly below average in the Patricia Lake 
and Athabasca River sites. 

During the period 1820-1839, the first ten years was one 
of less than average tree-growth and the second ten years 
consisted of above-average growth. Ten years of below-average 
growth is most pronounced at the Quatre Fourches and Revillon 
Coupé chronologies, and only slightly apparent for the Peace 
River II and the Claire River sites and lacking in the 
chronologies from the Athabasca River site. 

The 20-year period 1800-1819 shows rather diverse 
characteristics between the individual chronologies. The 
Quatre Fourches and Revillon Coupé chronologies show 
anomalously high growth while the Athabasca River, Peace 
River I, and Claire River sites show mostly below normal 
growth. The Peace River II and Patricia Lake sites show 
approximately average growth and are quite similar. 

For years prior to 1800, the number of tree-ring samples 
available (see Appendix I) has diminished to the point that 
no comparison can be made among them. The sample size of 
most of the chronologies is limited prior to 1830, and in 
two chronologies the sample size is limited prior to 1860. 


Inferences concerning these earlier time periods would be 
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expected to have larger errors because of the reduction in 
the number of usable trees. In addition, the trees in these 
early time-periods were young and more likely to be influenced 
by local conditions about the tree than when they were older 
and assumed their present position as dominants in the stand. 
A cross-correlation analysis was computed for 10-year 
overlapping 20-year subperiods between the individual 
chronologies illustrated in Fig. 2 (Table 2). This was done 
so that differences in chronologies could be Spotted and 
potential inadequacies in the tree-ring ‘record ’cotild be 
recognized. The correlations among chronologies are good 
and in many cases highly significant for even the early 
periods of record. Several chronologies from the Peace- 
Athabasca delta region show low or inverse correlation with 
the other chronologies in the early parts of the series. 
Good agreement among chronologies is apparent after 1850. 
Dive ¢Pa trier 4 take chronology shows low correlation with the 
delta chronologies for 1910 to 1949 and inverse correlations 
for (1820 Cto, 1859s etlhised s perhaps not surprising because of 
the great distance between Patricia Lake and the delta sites 
(800 mi or 1300 km). Differences in the growth through time 
are likely to occur especially during periods when the climate 
of the Patricia Lake may be changing in opposite direction 


from the climate for the watershed as a whole. Also, there 
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may be different limiting factors (such as high temperature 
rather than low soil moisture) at Patricia Lake that could 
produce changes in growth not reflected in the Peace-Athabasca 
delta sites. 

These data do show that the six delta sites are in good 
agreement at least back to 1850 and were not influenced by 
any sudden change in water course which would markedly alter 
the growth chronologies for an individual Site.veTheyealso 
support the inference that growth conditions since 1930 have 


been different from conditions prior to 1930. 
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HYDROLOGY 

A brief review of the hydrology is presented to aid 
interpretation of relationships among the six delta 
chronologies as well as their relationship to the water 


levels of Lake Athabasca. 


Athabasca River 

The Athabasca River begins in the Columbia icefields in 
the southern Canadian Rocky Mountains and flows some 800 
miles (1320 km) northeast across the province of Alberta to 
Lake Athabasca. The total drainage area is approximately 
60,000 square miles (155,000 km*). From the 10% of the 
drainage area that is actually in the mountains originates 
about one-third of the flow, and thus the annual regime is 
typical of a stream that derives its flow from snowmelt 
runoff, that is, low winter and high spring and summer flows. 
The winter flows are low (averaging about 5,000 cfs) and 
relatively steady, whereas the spring and summer flows are 
generally higher--June and July are usually the high-flow 
months, with average discharge of 50,000 cfs--and much more 
variable as the river responds rapidly to snowmelt, rainfall, 


and melting of the ice fields in the mountains. 
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Peace River 

The Peace River originates in the Ominesa and Rocky 
Mountains of Northeastern British Columbia and flows 
northeastward across the Great Plains toward Lake Athabasca. 
At its confluence with the major outlet channel of Lake 
Athabasca (the Riviére des Rochers) the Peace River changes 
name and becomes the Slave River. At this point, the Slave 
River turns north and ultimately flows into the Great Slave 
Lake. The drainage area of the Peace is approximately 
113,000 square miles (300,000 km“). 

The Peace River, though not usually a contributor to 
Lake Athabasca, does flow into Lake Athabasca, principally 
via the Rochers and Quatre Fourches channels, under certain 
conditions of flood stage and lake levels. The conditions 
under which such reversal of flow direction occurs in the 
Rochers channel are detailed by Bennett (1970). ‘The limited 
data available indicate that the average volume of water 
contributed by the Peace River to Lake Athabasca has been on 
the order of 1 million acre-feet per year, usually in June. 
However, perhaps more important than the total increment of 
water added is the fact that outflow from the lake is impeded 


during periods of high flow on the Peace River. 
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Annual Flow Regimes of the Peace and Athabasca Rivers 
Kellerhols (1970) has compared the annual total monthly 
hydrographs for the Peace and Athabasca Rivers for two years, 
but a larger sample would have been desirable for an analysis 
of this type. Consequently, we analyzed the monthly runoff 
measurements from the two rivers for all years with complete 
available records by extracting the eigenvectors of the 
matrix of correlations for runoff among the 12 months in the 
water year. Eigenvectors describe orthogonal modes of 
behavior in the runoff regimes and are ordered from the 
highest to the lowest percentage of variance that they explain. 
Because of the symmetry of the correlation matrix, the signs 
in the eigenvector weights are arbitrary. That is, the 
particular mode of occurrence they describe in a sense can 
flip-flop, so the eigenvector weights may be plotted as they 
are or with the signs reversed. In some years the runoff 
departures from the mean appear like the plots in the figure. 
In other years, they appear like the plots with signs reversed. 
Figures 3 and 4 show the first five eigenvectors OL a 
total possible of 12 for the runoff of the Athabasca and 
Peace Rivers. Owing to incompleteness of records, the 
periods and sample sizes of the two analyses are not quite 
the same. Assuming the results are comparable, the following 


conclusions from the eigenvector analyses can be made. 
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Month Of The Water Year 
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Figure 3. Eigenvectors of total monthly runoff for the Athabasca 
River at Athabasca and the percent variance in the original 
data they explain. The eigenvectors were extracted from 
the correlation matrix of monthly values for 31 years in- 
cluding 1915, 1916, 1917, 1918, 1920-30, 1952-67. 
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Month Of The Water Year 
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Figure 4. Eigenvectors of total monthly runoff for the Peace River 
at Peace River. The eigenvectors were extracted from the 
correlation matrix of monthly values for 25 years includ- 


ing 1916-1931, 1957-1967. 
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The first eigenvector accounts for more variance for the 
Athabasca River than for the Peace River, and in the former 
case the weights are all the same sign (except for November) 
and are not near zero. In both cases, the indication is that 
the high and low variations in runoff may be manifest 
throughout the autumn, winter, and spring, and in the case 
of the Athabasca River they may continue throughout the summer. 
The variations in the Peace River during the three cooler 
seasons account for less variance and are not related 
particularly to the variations in runoff that occur in the 
last four months of the water year. 

The second eigenvector has highest loadings for summer 
and early autumn, late in the water year. The loading for 
May indicates an earlier beginning in the summer component 
for the Athabasca drainage, which may be attributed to the 
lower elevation for large portions of the watershed and to 
the more southerly location of the drainage system. The 
inverted and smaller loadings for winter indicate an opposite 
but smaller variation during winter. This may reflect the 
delay in winter runoff that occurs in cold years, when the 
moisture is held in the watershed as snow. The third 
eigenvector accounts for more variance on the Peace River 
and differs between the two rivers in its weighting of the 


late autumn flow versus early Spring. 
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In conclusion, the eigenvectors show distinct differences 
in the flow regimes of the two river systems especially for 
the summer season. These different flow regimes interact in 
a complex manner through the hydrologic system of the Peace- 


Athabasca delta area to control the levels of Lake Athabasca. 
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GROWTH PATTERNS IN THE PEACE-ATHABASCA DELTA AREA 

Eigenvectors were also extracted from the correlation 
matrix of the six delta chronologies for the period 1810- 
1967. These eigenvectors describe orthogonal modes of 
occurrence which indicate a relative dependence among the 
chronologies. They are arranged in descending order of the 
percentivariance accountedy for’ invitheroriginalydata. aticw 
shows the first five modes of dependence within the six 
chronologies, which accounts for a total of 97% of the 
variance. The first eigenvector is by far the most important. 
It accounts for 61% of the variance, indicating the large 
amount of ring-width variation that is common to all sites. 
The sign of the weights indicates that trees on all sites 
are positively correlated. The secnac most common growth 
pattern occurs 14% of the time. It groups the Quatre Fourches, 
Athabasca River, and Revillon Coupé sites and the Claire River, 
Peace River I, and Peace) River IL sites.,.The former Set of 
Sites has the highest loading on the Athabasca River site, 
suggesting a relationship to the Athabasca runoff regime, 
while the latter set are sites near the Peace River and 
probably represent its regime. The third eigenvector accounts 
for 10% of the variance and basically contrasts the growth on 
the Athabasca River site with the growth on the Revillon Coupé 


Site. The fourth and fifth eigenvectors are less important 
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Figure 5. Eigenvectors for the correlation matrix of the 6 tree-ring 
sites in the Delta area showing relative dependence among 


the series, 
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and may represent orthogonality constraints. 

Three major orthogonal components are apparent in the 
tree-ring data: (1) a common variation among all six sites, 
(2) a contrast of variation in sites near the Peace River 
versus those near the Athabasca River, and (3) a contrast 
between the Athabasca River and the Revillon Coupé. All three 
types seem to represent conceivable hydrologic situations that 
may result from differences in ais inflow and outflow regimes. 
However, variations in the growth at the sites might also 
result in part from different limiting conditions and 
different lags in the growth response that could result from 
the same flooding regimes. The presence of such differences 


seems evident in the canonical regression results. 
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CALIBRATION OF TREE GROWTH AND WATER LEVELS 

Water level data for Lake Athabasca, measured at Fort 
Chipewyan, were checked for completeness and 10-day means 
were calculated for the periods May 21-30, July 11-20, and 
September 21-30 (Table 3) by J. R. Card, Water Resources 
Division, Alberta Department of Agriculture. These data are 
used in the analysis that follows. During the May period 
water levels are rising, in the July period they are near 
their maximum, and during the September period they are 
usually receding. These three sets of water level data 
(spring, summer, and autumn) provide information on the 
earliness and lateness of flooding as well as the maximum 
water level for the year. 

In this study, ring-width indices for the six Peace- 
Athabasca sites were used as predictors (independent 
variables) in a canonical analysis. The index value during 
the year concurrent with the measured water level (t) and 
during the subsequent year (t+l) were used, giving a total 
of 12 predictor variables. The statistical model is of the 


form 3% = 3310 X, where the matrix ,Y. has three variables 


Sut 
Y "4 , AY: and i i i : 
fee ote 3. X is a matrix of 12 variables Sa 
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the 33 years from 1935 through 1967. Bis a matrix of 


regression weights associated with each of the predictor 
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Table 3. Historical 10 day mean water levels for Lake Athabasca for 1935-1970 (36 years) compiled 
by J. R. Card (A. D. A. W. P. D.). E designates stage records for Goldfields or Crack- 
ingstone Point were used to estimate missing data. G designates missing value estima- 
ted by manual interpolation. 


LAKE ATHABASCA WATER LEVELS 


Year 10 day mean 10 day mean 10 day mean year 10 day mean 10 day nean 10 day mean 


May 21-30 July 11-20 Sept 21-30 May 21-30 July 11-20 Sept 21-30 
1935 685.0 G 693.2 G 689.2 G 1953 683.75 685.87 683.49 
1936 689.3 G 692.0 G 689.4 G 1954 684.98 690.6 E 688.5 G 
1937 687.0 G 687.8 G 685.3 G 1955 685.0 G 628.09 685.35 
1938 683.54 685.40 683.22 1956 684.26 686 .95 684.38 
1939 684.3 E 686 .46 684.46 1957 684.90 686.69 685.93 
1940 685.63 687.4 G 684.61 1958 686.70 688.25 684.7 E 
1941 684.97 686.14 684.2 G 1959 683.8 G 687.6 E 685.39 
192 685.3 E 688.27 685.14 1960 685.14 690. 34 688.51 
1943 684.49 - 687.83 685.0 G 1961 685.1E 688.28 685.20 
1944 684.3 E 685.78 682.9 G 1962 685.76 690.44 688. 82 
1945 683.0 G 683.97 682.5 G 1963 687.52 689.27 686.49 
1946 684.78 684 .89 683.22 1964 685.25 689.97 688 .87 
1947 686.22 687.84 684.87 1965 686 .69 690.50 688.00 
1948 687.26 689.36 686.00 1966 685.74 688.52 687.62 
1949 684.49 666.26 684.25 1967 687.07 690.28 686.90 
1950 604.67 686.65 682.98 1968 684.76 684.62 682.9 E 
1951 687.04 688.15 685.15 1969 685.93 684.55 682.66 
1952 684.44 686. 84 683.58 1970 684.07 684.75 682.50 
Table 4, Canonical regression cocfficients used in the water level reconstruction equation. The 


reconstructed values are obtained by multiplying the normalized cree-ring indices for the 
year concurrent with predicted water level (t) and successive to predicted water level 
(t+l) by their respective coefficients, (See text.) 


Sites 
Quatre Claire Athabasca Revillon Peace Peace 
Fourches River River Coupé River I River II 
Water Level Predictor Variables 
Period 
x a , 
Gh teh 21 ho eh, 2 a Ma ene ed ee ene See Shee eRe” wooetall 


May 21-30 Q5159 = 12/536 1.500 -0.509 0.786 0.078 -0.980 0.566 Wa Zsie O05 30 0.480 1.648 
July 11-20 0.0289 4-1 5217 0.143 0.664 0.813 0.404 -0.421 -0.210 O33MR= 1, 459 =0..2/.9) eels 635 


Sept 21-30 0.968 -1.389 -0.149, 0.895 0.477 0.201 -0.488 0.201 0.509 -1.007 =) GON we 7. 
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variables of matrix X. 

The canonical regression techniques used here are 
presented in mathematical detail by Glahn (1968) and 
essentially involve the solution of equation 18 in Glahn 
article. This technique is analogous to multiple linear 
regression, in which one dependent variable (predictand) is 
related to a set of independent (predictor) variables for 
many observations, which in our case are years. However, 
canonical correlation analysis relates a set of dependent 
variables (y's) to a set of independent variables (x's), and 
canonical regression may allow a better prediction ot each 
dependent variable from the corresponding set of independent 
variables because it takes into account the covariance in the 
dependent set. 

In canonical analysis, the x's and y's are transformed 
to orthogonal variables, and the correlations between sets 
are maximized. Thus the relationships between the two groups 
of variables (water level measurements and tree-ring data 
from the six delta sites) are reduced to their simplest forms. 
However, the question remains as to whether the regression 
weights have any meaningful interpretation or whether they 
are artifacts brought out by mathematical manipulation. One 
test of significance is the canonical correlation and the 


percent variance accounted for at each step of the regression. 
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Another test is the physical reasonableness of the data. A 
third test is a check with independent data when predictions 
are made. 

The canonical regression coefficients are presented in 


Table 4. The equation used is: 


Jy.  =b +b 


i,t Let aie ios 
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+b 


ret Ont CO tte One 


where Vy : is the predicted lake level expressed in normalized 
») 
form, (1 varies trom J to.3 andge vagrese (rom ele to)o0 ) sand 
X; , are tree-ring indices normalized for the calibration 
3 


period (1935-1967). The reconstructed values, 7, 


are 
1 be 


"denormalized" by multiplying by the sampled standard 
deviation for 7 during the calibration period and adding 
the corresponding sample mean. 

Predicted water levels for Lake Athabasca were computed 
for the period 1935-1967 (33 years) and were compared to the 
actual values (Table 3). They were found to account for 57% 
of the variance in the actual values for May 21-30, 80% for 
July 11-20, and 79% for September 21-30. These values along 
with the corresponding reconstructed values for the period 
1810 to 1934 are included in Appendix II. Figure 7, a plot 
of the reconstructed water level record for the period 1810 


to 1967, also shows the actual recorded values as given in 
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Table 3. 

The regression coefficients (Table 4) were plotted 
(Fig. 6) so that the final weightings within the prediction 
equation could be compared. 

Regression weights for the six sites appear consistent 
with the site location within the hydrologic system. Quatre 
Fourches trees are on an apparently poorly drained soil and 
growth response is inverse to and lags behind the water level. 
Revillon Coupé growth is also inversely related to water 
level. The Athabasca River site is well drained and is 
positively related to lake level, indicating that high soil 
moisture favors growth. The Claire River site is also well 
drained and on an outflow channel exhibiting a delayed 
response. If the lake level is high early in the season, 
there can be high growth. If the lake level is high in mid 
or late season, it will in general affect the successive 
year's growth. 

The Peace River I and Peace River II sites seem to act 
jointly in prediction of water level stages in the Peace- 
Rochers River system. For May 21-30, the lake level is not 
likely to be affected by flow of the Peace River. High lake 
levels are predicted if the growth at the Peace River I site 
is below normal (both in concurrent and successive years) but 


the growth at Peace River II is above normal. This could 


P34 
stem from high outflow along the Rochers throughout the early 
summer, producing high growth at the Peace River II site when 
the growth at Peace I site is low. For both the July 11-20 
and September 21-30 periods, the highest prediction of lake 
levels occurs when Peace River I and Peace River II sites 
show near normal growth inthe concurrent year but growth at 
Peace River I is below normal in the succeeding year while 
at Peace River II it is above normal. Flooding at this time 
is too late to affect growth, especially downstream at Peace 
River II site. High levels of the lake may cause high levels 
of outflow late in the year and produce better moisture 
conditions at Peace River II than at Peace River I where 
conditions of high water have subsided. As a result high 
photosynthesis may be favored at Peace River II and growth 
the following year may be higher than at Peace River I Site. 
These results seem reasonable in terms of our present 
understanding but limited experience in the area. The 
specifics of the above discussion should be checked against 
flow records and measurements of soil and stand characteristics 
should be made. 

The reconstructed water levels are plotted in Figure / 
in a manner analogous to a hydrologic trace, with actual 
measurements for the period 1935-1967 superimposed. The actual 


measurements are shown as dots and estimates of values missing 
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Plots of the. coefficients in, the prediction equation used 
to reconstruct Lake Athabasca water levels. A coefficient 
is associated with the three predicted periods and with 
the growth index concurrent with the predicted year, and 
with the growth index in the succeeding year. 


P36 


WATER LEVEL IN FEET ABOVE MEAN SEA LEVEL 


THREE MEAN VALUES PER YEAR - 
MAY 21-30 


JULY 11-20 
SEPT. 21- 30 


1840 1850 1860 1870 1880 
YEAR 


Year Ye il UES Ws ee DW eee LY war tt Ws Oa Ceca el vay RY et eer Owe TE 
1900 1910 1920 1930 1940 1950 1960 
YEAR 


Reconstructed water level record for Lake Athabasca for the 
period 1810-1967 (158 years). These values were determined 
from tree-ring indices of the 6 Delta sites in which both 
the indices for the year concurrent with and successive to 
the actual runoff year were utilized as predictors. The 
actual values for 1935-1967 are also shown, where the cir- 
cles indicate gauge measurements and the pluses indicate 
estimated values. 
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from the record are shown as pluses. The figure shows low 
levels centering around 1945, 1930, 1918, 1877, 1868, 1845, 
and 1887. The reconstructed record also indicates that 
periods of high water level were more common in the past 

than is indicated by the 33 years of record. Periods of 

high water level occur during 1921-1924, 1892-1913, and 
1881-1887. High water levels are estimated for the years 

1853 and 1862 and for the decade centering in 1830. In this 
early period prior to 1850 the number of usable trees declines 
and the error of estimate probably increases. 

Table 5 shows the means and variances for the gauged 
record of 1935 through 1967, and for various periods of the 
reconstructed lake levels. Several pertinent points can be 
made about the changes of the mean and variance throughout 
time. The variance for July 11-20 for the over-all period 
1810-1967 is almost twice the variance of water levels for 
the May or September period. This is in contrast to the data 
from the measured record, where the September variance is 
nearly the same as that for July. Both are about 2% times 
the variance in May. The reconstructed record for 1935-1967 
Shows the same relationship as the actual record. This 
suggests that there may have been a tendency for more 
precipitation in late summer or early fall in the past 40 


years than previously. 
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Table 5 Comparison of weuns and verianees for acwil revord (Taole 3) 1935-167 uai for various 
periods of the reconstructed record (fivaire 7). ; 
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Table 5 also shows the lowest mean for the May period 
to have occurred during the period 1861 to 1880, while second 
lowest value occurred during the period 1941 to 1960. The years 
of lowest variance about the mean for the dates May 21-30 are 
1941 through 1960, with the period 1841 to 1860 being the 
second lowest. 

The lowest 20-year mean appears to have occurred from 1810- 
1820 but this value is questionable because of diminished 
sample size. The mean for 1861 to 1880 was slightly higher, 
but there is less error in this mean. Third lowest 20-year 
mean period was 1941-1960 and was also the least variable 20- 
year period of water levels, followed by 1844-1860. 

The reconstructed record for the dates September 21-30 
indicates the mean level for 1841-1860 was one of the lowest 
for any 20-year period during 1810-1967. The period 1941-1960 
was also quite low. The period 1881-1900 shows the least 
variation in water ee for a 20-year period, with the 
variation in 1941-1960 being only slightly greater. 

Records for all three periods, May 21-30, July 11-20, 
and September 21-30, reconstructed from tree-ring data 
indicate that during the 20 year sub-period 1941-1960 the 
lake levels were not only lowest but also exhibited low 
variances (i.e., they were consistently low) compared to the 


variances in other 20-year periods during 1810-1967. 
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The-mean,jlake; levelse frome 1810 «£63 1967fareenot’ much 
different from those of existing record, 1935 to 1967. 
Variances, however, appear to have changed. A ratio of the 
variances for the entire reconstructed record and for the 
reconstructed record for 1935-1967 may be applied to the 
variance of the actual data. The ratio is used because a 
certain percentage variance is lost in the reconstruction. 
This procedure assumes that the percentage of variance lost 
in prediction is constant through time. However, this 
assumption may not be met in the early portions of the 
record because of the decreasing number of trees. 

When these calculations are made, the variances (in 
feet“) of the actual records, adjusted for the long-term 
records, become 5.62 for May 21-30, 7.71 for July 11-20, and 
3.66 for September 21-30. This would indicate that the 
variance for May 21-30 during the short period of record is 
about 33% of what it should be based on the longer 
reconstructed record. The July 11-20 variance is about 60% 
of what it is in the longer record and the September 21-30 
variance is about 110%. Adjustments for May and July probably 
stem from the low and extremely persistent water levels during 
the period 1941-1960 although they could be associated with 
such phenomena as climatic change and ice blockage, the latter 


being especially pertinent to the variance during May 21-30. 
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DISCUSSION 

There are several limitations to the reconstruction 
techniques that must be kept in mind. The technique probably 
tends to average the true response to water levels over the 
entire delta area and consequently gives the average water 
level in the waterways from which the samples were obtained. 
For example, in one of the few documented historical accounts 
available, Petitot (1885, p.38) states that Lake Athabasca 
was dry from Four Forks to Bustard Island during 1879-1881. 
If the Bustard Island of which the Rev. Petitot speaks is 
the same as that known as Bustard Island today, then the 
levels shown on Figure 6 for 1879-1881 are low at the right 
place in time, but not low enough. The levels are about 3 
to 5 feet ( 1 to 1.5 m) too high. Such discrepancies may 
be inherent in the tree-ring data themselves. However, it 
is assumed that the hydraulic connection between the lakes 
and delta waterways and the relationships between environment 
and growth have been consistent throughout time. There is 
Some evidence that some of the channels have closed. The 
Athabasca-Embarras system could at times become more or less 
directly connected with the Quatre Fourches and Rochers 
channels. The results would be lower lake levels as compared 
to the tree-ring-recorded water level in the waterways. A 


check of the actual tree-ring indices for each of the sites 


P42 


for 1879 and 1880 shows that growth at the Athabasca site 
was low, and in fact the ring-width index for 1879 is the 
sixth lowest value for the period 1768 to 1967 (200 years). 
The index value for 1879 for Peace River II, on the other 
hand, is 0.95, which is near average. The same holds for the 
Peace River I series. The values for 1879 in the Quatre 
Fourches, Claire River, and Revillon Coupé series are below 
average (near 0.70) but not grossly so. Consequently, the 
tree-ring values support the occurrence of a dry period but 
do not tend to support the extreme reduction in lake levels 
that Petitot describes, except for the very low growth at 
the Athabasca River site. Continued search of historical 
accounts may provide other independent checks. 

The general low-frequency components within the 
reconstructed series are substantiated by tree-ring series 
from a much larger region. Comparison of tree-ring series 
outside the watershed area show comparable low-frequency 
trends, as does the reconstructed series shown in BEL aati 
Specifically, the long-term decrease in lake levels from 
1900 to 1940 and an upward trend from 1940 to 1967 is present 
in other ring-width series and apparently represents a long- 
term climatic change. Edmonds and Anderson (1960) analyzed 
the climatic records from Fort Vermilion for 1909 to 1960 


and found that there has been an increase in annual precipitation, 
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mostly winter precipitation, since 1909. During this same 
period, they noted that there has been a gradual rise in the 
mean annual temperature, totaling 3 Fahrenheit degrees (1.7 
Celsius degrees). However, it appears that, at some time in 
the mid-forties, the temperature trend reversed and started 
downward. The general downward trend from 1870 to 1900 is 
also verified by the other widely dispersed chronologies. 
However, chronologies available to us at this time do not 
Show as great a change during 1820 to 1840. This discrepancy 
could arise from the sampling error, as mentioned earlier. 
Additional tree collections should be made in the delta area 
and in the headwaters of the Peace River. Until more data 
can be obtained, the portion of the reconstructed series 


from 1810 to 1850 must be considered highly tentative. 
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CONCLUSIONS 

Le The tree-ring series sampled in the Peace-Athabasca River 
delta appear to contain a strong signal concerning water- 
levels within the waterways. ‘The relationships are both 
biologically and hydrologically reasonable. 

ge Assuming that the relationships between water levels 
within the waterways and Lake Athabasca and the 
relationships to growth have been constant through time, 
the reconstructed water level record (Fig. 7) explains 
57% of the actual variance for May 21-30, 80% for July 
11-20, and 79% for September 21-30. 

3 The reconstructed record (1810-1967) indicates that the 
May 21-30 lake levels have been 3 times more variable 
over the longer period than during the period of historical 
record (1935-1967). The July 11-20 levels have been more 
than 2 times as variable in the longer period, and the 
September 21-30 levels have been about 10% less than 
during the short period, 1935-1967. 

4. The means for each of the 3 sub-periods of water levels 
for the period of historical record are very close to 
the mean for the long-term reconstructed record. 

ye About the year 1967, the tree-ring data collected in the 
delta show a downward trend. For 1968, 1969, and 1970, 


the water levels during the period May 21-30 were 
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respectively 1.23, 0.06, and 1.92 feet (37.5, 1.8, and 
58.6 cm) below the long-term average from the reconstructed 
water levels for the same dates. Water levels for July 
11-20 were, for the same three years, 4.09, 4.16, and 
3.96 feet (124.7, 126.9, and 120.8 cm) below the long- 
term average. Water levels for September 21-30 were 
respectively 2.56, 2.80, and 2.96 feet (78.1, 85.4, and 
90.3 cm) below the long-term average. 

The downward trend since 1967 in the tree-ring series 
appears to be both climatic and due to impoundment of 
water behind the W. A. C. Bennett Dam on the Peace River. 
It is noted in No. 5 above that the greatest departure 
from the long-term mean was in July, the period probably 
most affected by Peace River inflow into Lake Athabasca. 
Additional sampling in the upper watersheds of both the 
Peace and Athabasca Rivers will be necessary to fully 
determine the climatic effect. 

According to the reconstructed lake levels, there has 
been only one other 3-year period from 1810 to 1967 when 
the lake levels were as low as that from 1968 to 1970, 
that being the period 1866-1868. The period 1942-1945 
was nearly as low as during this early period. 

Although the relationships and reconstructions from tree- 


ring indices appear highly promising, these results 
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should be further verified. Soil sampling, vegetational 
studies, and further hydrological calculations should be 
made to check the assumptions and observations mentioned 


in this preliminary report. 
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APPENDIX I 


TREE-RING CHRONOLOGIES 
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APPENDIX II 


RECONSTRUCTED WATER LEVELS 
FOR LAKE ATHABASCA (1810-1967) 
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ile INTRODUCTION 
os fhutnorization 

R. M. Hardy & Associates Ltd. have been retained 
by Peace-Athabasca Delta Project to carry out preliminary 
site investigations at a number of hocati ons swithin the 
Peace-Athabaseca delta. Authority to proceed with the work 
was given verbally on 23 March 1971 and confirmed by letter 
OF SleMaren. 27 t. seine work wag to be carried out within 
the general concepts outlined in our letter of 15 March 
1971 except that the scope of the work was to be limited 
to an assessment of the site characteristics as determined 
by field survey and airphoto interpretation. It was 
understood that this investigation would be directed toward 
determining soil and foundation conditions for feasibility 
SCuUC Les ane lurener investigation would be required once 
more definite plans for controlling water levels were 
developed. 

Poe scope OL aVork 

The main purpose of the geotechnical studies was 
to determine the soil and foundation conditions at seven 
locations on important rivers and channels within the Peace- 
Athabasca delta. Originally eight locations had been in- 
cluded but it was subsequently decided that. Locations 14 .0R 
the Slave River north of the confluence with the Peace River, 
would not be included since it represents a major hydraulic 


structure and as such would be beyond the scope of the water 


Q2 


control program presently contemplated. The remaining 
seven locations to be investigated are shown on Drawing 
E2143-1 found as a fold-out at the end of this report. 

The types of structures contemplated for control 
of water levels in Lake Athabasca and adjacent bodies of 
water are “Etseted imolippéendixndiam The el beh rof scons uruc yon 
possibilities was prepared by the Peace-Athabasca Delta 
Project *and®hasserved asfa generadeguideline-Lor tne. site 
investigation. However, the scope of the work has been 
altered in’ discussions with staff of the. Peace-Athabasca 
Delta Project. The scope of the work covered by this report 
is basically too determine site conditions of a.more general 
nature’. 

One Of! Theifuldine principles ror the Siternnvesci = 
gation has been to provide an assessment of the feasibility 
of constructing relatively simple structures using available 
materials suitable for construction during the forthcoming 
winter working season. Less attention has therefore been 
paid to the possibility of construeGing elaborate structures 
at the locations despite the fact that they might provide 
better control over water surface levels. 

173 -+StacuesoLnowork 

The information contained in this report has been 
obtained by a field survey during the period April 26 to 30, 
1971. °° A Gescript ton) ofl thes extent, ofpthe tigi work.is given 
in Appendix A. . It was essential that the field information 


be supplemented by airphoto interpretation of the surficial 


geology in the area of each of the sites and this work was 
carried out by Dr. L. A. Bayrock of the Research Council 

of Alberta. It was particularly fortunate that Dr. Bayrock 
had previously carried out an extensive survey of the sur- 
ficial geology in the general area. Dr. Bayrock visited 
the various sites to be investigated on 27 and 28 April 
1971 and prepared a report dated 3 May 1971 covering his 
site chservatlous and calls eirpheto.interpretation of the 
Maveraiale iva Wiad herd cathe esive. 

The data from the field work and a modest amount 
of laboratory testing is incorporated in this report and 
the results have been discussed with representatives of the 
Peace-Athabasca Delta Project on 11 June 1971. At that 
meeting there was considerable discussion Onwtie types of 
structures which could be employed to control water levels 
and it was agreed that the report. would make general obser- 
vations on the geotechnical properties of the materials at 
the seven locations plus a more comprehensive treatment an 
a possible structure at Location 6 Oe GnLr ol Lie water 
level in Lake Mamawi and to discuss the feasibility of 
diversion of some water from the Embarras River into Mamawi 
Créek. 
des SL THOGH OLOGY 

2.1. General Setting 

The locations of the seven sites examined for thi 

report are shown on Drawing E2143-1.. They are found within 


the easterly portion of the deltas formed by the Peace and 
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Athabasca Rivers. The basic geology of the area has been 
covered in a paper by Bayrock and Root presented at the 
proceedings of the Peace-Athabasca Delta Symposium*. For 
the most part, the sites are located either in inactive 
areas of the delta or areas which are active only during 
the flood period. The channels and distributaries found 
in the region are largely formed by natural levees except 
in those areas where bedrock forms the abutments. All 
outcrops exposed at the locations examined are formed in 
Precambrian bedrock of granite or granite-gneiss. The 
narea is extremely flat with the major relief provided by 
the Precambrian outcrops of heights up pod2OCsreets 

The following detailed descriptions summarize 
the surficial geology and geotechnical conditions found 
at the specific sites examined for water control structures. 

2.2 Specific Site Locations 

The following paragraphs outline the geotechnical 
data at the seven locations covered by thishreportpey dhe 
sites are given the same location Nunberiia saeiver (on 

‘awing E2143-1 together with a further breakdown to in- 
dicate the specific location within the reneraloared. 40K 
example, Location 2.1 is located within the general area 
of Location 2. The drawings covering the site information 
obtetthyl Pe > Je3* sires er 
* Bayrock, L.A. and J.D. Root, 1971; "Geology and Geologic 
History of the Peace-Athabasca Delta Area: A Summary", 


Proceedings of the Peace-Athabasca Delta Symposium. 
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are included as Drawings F2143-2 to -15 at the end of this 


report. 

2.2.1 Location.2 (Township 114, Range 67; E2143-2 & -3) 

Locations 2.1 and 2.2 are found on the Riviére des 
Rochers. sbochalocatlonweslswlocatedoon thesmain river 
ghanneligyand Mhocationge 12), Jocatedsonea “bypass ‘channel, 
are flanked by high bedrock OULCROUSeVinicheprovi de texcel lent 
Ho wuEne dies Oeeceeneuosel ot. 2. eel) ee alt randseee.. Veul the 
depth eer Mhemehanneieat lanyapoint.is,less than, 20 feet and 
tae Drese nc 6,08} rap rdsranierd weebedrock Toundation in the 
¢hanneis,.see,Photo-2.1.d. ,.Abundamt bedrock, outcrops are 
avaisdableitorsavarnyingeancck. Libba Jsmalladeposivts sof sand 
and gravel are evident. on the east bank of the main channel 
nernnnotm hoemtlons sane small edeposit sof outwash sand was 
found near the west abutment. 

High-water marks are found well below the top of 
the rock banks and it is judged that overflow would not 
easily scour out a new channel around the structure. 

hocapuonees sbvend ee 2 sere. finteen ga ium lesyngmtn 
of Fort Chipewyan. Access to the two sites would likely be 
by barge during the summer months or by construction enae ee) 
winter road through rough muskeg and bedrock terrain. The 
winter road would require several ice bridges to cross major 
drainage features.in thesarea. 

Bothesides ‘offer,sexcellent characteristics for 
almost any type of water control structure. Available 


materials could be used to construct either rockfill weirs 


or rockfill and gravel cofferdams for structures which 
require dewatering. 

2.2.2 Location 3 (Township 114, Range 9; E2143-4 & -5) 

Locations 3.1 and’3-7e-are located’ approximately 
two miles apart”’on the’ Réevilion Coupe. The sites are approxi- 
mately fifteen air miles northwest of Fort Chipewyan. The 
et fae were chosen where there appeared to be rock outcrops 
on both sides of the’ river channel.° In general the Revilton 
Coupé is formed by natural levees except in those locations 
where bedrock has controlled channel formation. There was 
no evidence of rapids at either of these sites and the esti- 
mated channel depths are in the range of 30 to 157 feetl Svat 
both sections the east" bank’ 1s“composed of clay” slivsand 
fine sand and it is likely that the river bottom is’ formed 
of the ‘sare materials. “At Location =). f *che tcnannet! i 
narrower than elsewhere on the Revillon Coupé as is clearly 
evident from Photo 3.1.1. This evidence suggests that bed- 
rock forms both abutments. The silt bank on the east Side 
is therefore expected to be a relatively thin veneer over 
bedrock. 

In both cases a flood “plain exists on the easterly 
side of the channel and any control structure proposed for 
these sites would have to be designed on the basis of pro- 
tection against erosion for any flow greater than the flow 
which establishes the’regime at*this section,” “Erosion pro- 
tection would have to be provided by concrete aprons, quarried 


rock or possibly soil cement. At Location 3.1 there is 


Q7 


evidence of 4 small amount of gravelly-sand..on the west 
qAoucmenu. “his gravel would nov Dikely be suitable for 
concrete aggregates but could be used for cofferdam or dam 
Gore wmatverial . 

Site access would require constructing a nine 
mile road from the existing winter road to the southwest. 
This road would involve a major ice crossing over the 
Chenal des Quatre Fourches. The only other access would 
be by bargesduring. the summer. 

2.2.3 Location 4 (Township 113, Ranges 9 & 10; 

E-2143-6 & -7) 

Locations /..1.and./.2sare, .ocated approximately 
three miles apart on the Chenal des Quatre Fourches. The 
sites are more than fourteen miles northwest of Fort 
Chipewyan .saboth or these. sites were chosen by air reconnais- 
sance where it appeared that bedrock formed at least one abut- 
ment and the distance to the other abutment was as short as 
DOSS De welt bOLhwor, theses Cealions bedroci., cannov, be coOn-— 
SideredsJaike Lynd yohe river ehannel and. the distance to out— 
cropping bedrock on the northerly abutments is abou. one — 
half mile. Sandy silt levees and clayey silt deltaic flood 
plains make up the northerly river abutments. Tae ma wer LasL 
is easidve eroded or scoured. 

At Location /!.1 several small gravel pits are found 
within four miles to the southeast. There is adequate bed- 
rock outerop for rockfill within a mile radius of the west 


abutment. Access to the site would be by the winter road 
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which follows close to the channel or by barge in the 
summer. 

At Location 4.2 there are a number of small gravel 
pits adjacent to the major bedrock outcrops, see Photo 4.2.5, 
In terms of gravel borrow this is -one of the best ‘sites 
observed during the field work. 

2.2.4 Location 5 (Township 114, Range 68; 

E2143-9 to -13) 

peven sites have been examined at’ Location” 5, 
roughby six “air miles*norlhnwest rolirortethapewyen: “ihe 
general location of the sites are shown on Drawing E2143-8 
and represent a number of alternative water control locations 
for the Riviere des Rochers. The sites are on the northern- 
most boundary of the active delta “region and’as*a4 result 
high flow*levels occur’ near the top of most Léevecsy ALT 
levees are of clayey silt to silty sand composition anda 
are very susceptible to river erosiom, However av’ all cne 
sites chosen there are bedrock abutments except for the 
north bank tor Locapion SF3 wich tase lOO SPoceamoed 
plain before bedrock is encountered. 

The river channels are relatively wide (about 
600 feet) and most have deep channels in the order of 30 
to 50 feet. Locations 5.3 to 5.6 inclusive have narrower 
channels (less than 350 feet) and the channel depths are 
estimated-to “be less thanrceoetect? At *hocation’ Fy suas 


likely that bedrock forms “the river bovron. 
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Throughout the area small deposits of sand and 


gravel till and outwash deposits are present but their 
extent has not been determined by field exploration. There 
is ample bedrock available to serve as MOocKi Wie Tors ce 
eeeieae Smairencys 

Summer access across the active delta region is 
possible only by barge because of the SOC te ano. Wie One Cua 
dated sediments. Winter roads however could be constructed 
on. the east side of Riviere des Rochers with ice bridges 
required for all but Locations DiS ane 5.6 No survey data 
Was .cbtaineda av Locations BE Onan ow, pecauces Ol Gille 
Line. G sOns~ 

Conditions for relatively major water control 
structures are fair at nearly all of the sites in Location 5. 
The amount of gravel aggregate available, however, VS sais. 
Sno towel bebe mecescary CO lassume Concrete aggregate being 
obtained from sources near Fort Chipewyan. 

yO bualocatl ons Ou (Momento. lilo. Range 2; E2143-14) 

Location 6 is found on the outlet channel for 
Mamawi Lake near the cluster of buildings known as Dog 
Camp, see Photo 6.1.2. It is approximately eight air miles 
southwest of Fort Chipewyan. The area surrounding the site 
consists essentially of deltaic sediment topography with 
bedrock outcrops occurring immediately Ad jacenibn. tO, LHe Fiver, 
as shown on Drawing E2143-14. The south bank has a bedrock 
abutment and a bedrock island is located just slightly west 


of this abutment. The north bank is formed in clayey or 
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sandy silt with a major bedrock outcrop approximately 
350 feet north of the bank. Bedrock is found just at 
the ground surface a short distance jgVoychul seteh iar gis merhey's 
and it has been inferred that bedrock may lie at shallow 
depths on this side of the channel. It. has also been 
inferred that bedrock might lie at a relatively shallow 
depth across the channel bottom itself. 

Ample bedrock is available for rockfill quarry 
but no substantial aggregate deposits were found from air 
or airphoto reconnaissance. Photo 6.1.5 shows an exposure 
of weathered bedrock. 

There are no roads in the vicinity of this site 
and transportation would have to be by barge during the 
summer months or by winter roads over the delta area TO 
the northeast. An ice bridge would be required across the 
Chenal des Quatre Fourches to the northeast. 

2.2.6 Location 7, (Township 109, Hanges 10; E2143-15) 

At luocation 7 it. ids erepesed=ce divert 2 portion 
of the Embarras River flow into Mamawi Creek and thence TO 
Mamawi Lake. The natural slope of the terrain 1s COP ture 
north towards Mamawi Lake. The location could not be 
examined on the ground at the time of the field trip because 
poth the Athabasea and Embarras Rivers were in high-flood. 
Both of the rivers were overflowing their banks and inun- 
dating the surrounding forested flood plain “vo;s.cepen eh 
two to four feet. Drawing E2143-15, taken from Dr. Bayrock's 
report, shows a number of the features that are evident in 


this area. 
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There is.insufficient, toepographical,.information 
available to.judge.the extent .of excavation required for 
the diversion of the Embarras River to the north. The 
route appears Godraverse GopiesSeCumemes sol. phase of the 
Athabasca Delta which is active only at flood levels. 

From geologic evidence it is inferred that bedrock would 

be the Athabasca Seer and.weuld lie at depths .f 20 

$0. 506feet, with spessibly .a.thin covering of .clacial cdeposiis 
just, above the bedrock. The overlying sediments are likely 
to consist of mainly fine sand which is highly susceptible 

fo eresion.) lt:is possible -that sufficient flow gould 

be diverted from the Embarras River by construction of an 
off-channel structure on the outside of the bend where 

the Embarras River turns sharply to the east. The location 
of the diversion and a proper appreciation of the consequences 
of such a diversion must be determined by a careful assess- 
ment of the river regime behaviour. 

The Athabasca River is in an unstable condition 
inetheavicinitpyel Locations s <5 Dn. Bayrock Suggested in 
his weport that-a,natural, cut-off may eventually occur) at 
the location shown by circled number 3 on Drawing B2143-15. 
A considerable diversion of water was occurring at. toies 
location on 28 April 1971 as can be seen from Photo 7.1l.c. 
A photo showing the general terrain north of the Embarras 
Rise kG Oevernh triaekhObOw fens, le feethia dS enOt unlikely that 
substantial changes in the location of the Athabasca Raves 


could occur within a five to twenty-five year period; changes 
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which would have a major effect on the water levels in 
the vicinity of Lake Claire, Mamawi Lake and even Lake 
Athabasca itself. 

2.2.7 Location 8 (Township 108, Range 6; No Drawing) 

Location 8 concerns itself with the problem of 
water level in Richardson Lake. “At the time “of the site 
inspection, with Mr. J? Rs. “Card in attendance, -it°-was under-= 
stood that the problem was to provide a positive outflow 
from Richardson Lake at the time when walleye minnows ought 
to migrate to Lake Athabasca. One solution would have been 
to raise’ the water ‘level~in the-lake “by damming the-tws 
channels which interconnect with the Athabasca River. 
Examination of the banks of these two channels showed that 
they are formed *entarely in inet sand and 20 wearne sary 
structure in this area would have=to*be constructed or 
concrete or wood or“steel sheet piling since the local 
material would have a very *iow’ resistance to scour. 

A second alternative was to direct’ the flow from 
Maybelle. River in sucha way hav Unies tow ore ce ver 
would be toward the easterly’ part~- of Richardson Lake “and 
hence conduct the fish toward the two channels leading to 
the Athabasca River. This can be done by dredging along 
the east channel or *theudéelta formed by ether Maypelie naver 
and by blocking the west channel shown in Photo 8.1.4. 

The deltaic materials are composed of sandy silt 
and no suitable concrete or construction aggregate was found 


near the site. Fine to medium grained aeolian sand occurs 
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only a short distance to the south. Three or four miles 
to the east, ancient Lake Athabasca beaches may contain 
coarse sand. The nearest gravel deposit is on Goose Island 
apoutv rir veer mliese vO une*norun:. 
St MATERIAL PROPERTIES 
Ban) General 

The* major foundation materials in the Peace- 
Athabasca delta can be divided into five broad groupings. 
These are: bedrock, alluvium, glacial deposits (dpaee ye 
aeolian sand and organic terrain. At the sites investigated 
bedrock and deltaic alluvium make up the major materials 
present. Elsewhere over the routes that winter roads would 
have to be constructed are considerable portions of organic 
terrain im une 1orm Of DOS ‘and “swamps. 

3.2 * Bedrock 

Tt is likely that the Athabasca Sandstone under- 
lies the southern portion of the Athabasca delta but no 
outcrops are known either at Locations / or ome tha seerean 
To the north there are abundant outcrops of Precambrian 
prance and sranite-gneiss.” These outcrops have been strongly 
seoured byeelecrel=actLon. “PhoDoe= on 1 Neyo brand 620.5 
show typical exposures of the bedrock Hievertvical- faces: 
Both the granite and granite-gneiss are hard and quire bie. 
The vertical exposures show joint spacings of one foot or 
so. Where the bedrock is not weathered it is likely that 
the joints are very tight and it would appear feasible to 


produce large rock sizes by controlled blasting. Eo smary "be 
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more difficult to produce a wide range of rock sizes in 
order ,toywprovide asrelativelysimperviousetilllor tol prevent 
piping rOh.fine «materiad into;rock.fidis constructed son 
alluvium. Trial blasting should therefore be contemplated 
before rock fill designs are completed. 
Bebe Glacke ly Deposits aur fio 

Sand and gravelly sand glacial deposits are found 
at isolated locations in or near the Precambrian outcrops. 
Plates »-B-d»,\ B-2-and.B-3. show, gradations weich are. typical 
of the various deposits which may be found. With processing, 
the material. represented. bythe. gradation. on, Plate B-3 would 
bersuivable t.eorsconcreve aperesoate. ailhe @ravelilve sang ro) 
and the coarse outwash (Plates B-2 and B-3 respectively) 
would be suitable for: transition Jayers, within. rocktii7 
dams but sufficient material for this. use has.not, been; proven. 

3.4 Alluvium 

The fines gradneds SO] Sewwhich make. peste bu Li sor 
the Peace-Athabasca delta may be divided into two basic 
typesss! sandy .silt., forming, the, natural, levees at, the channel 
banks, and. clayey silicon, SiLiye clay which form she. flood 
plans land. dedca sh 

The deltaic deposits represent unfavourable foun- 
dation materials and both levee and deltaic deposits are 
probably too weak. to carry rockfill structures more than 
five Peet hieh, 

Where fine grained alluvium makes up the bed of 


the rivers, to any appreciable depth, say more than three feet, 
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the Sere ef, constructing? rock weirs will be 
questionable due to the low bearing capacity of this 
macberiaia volo Usealseo) eastiine scoured nand: could. pape: atnto 
rockfill unless a proper transition blanket is provided. 

Oreante-sciiler 16) Loundsbothiin- thestlevee and 
deltaic sediments. The deltaic sediments will also contain 
random, peat, layersy tn very old and, inactive parts.of 
the. dedva 0 suchwas< ats hocation f~north,of Ghe Embarras 
River, many old lakes have been overgrown with muskeg 
and peat of over three feet in thickness may be found. 

soe Oneaenioy Tenrearn 

Since most of the sites were chosen at locations 
wheres bedrock: forms.both, abutments, there is;very little 
organic terrain associated with the locations for proposed 
water control structures. However at Locations 3 and 4, 
fiat swt onbex expeotedi-thatrainiaddit ion to therforest) litter 
Fours on the levees, there will be swamp and bog conditions 
ine theafleod«pilein e,0veritheproutes: toypertraversedyby 
Winberm roosts ~hiarequired,.»there wildpbexap Large proportion 
(possibly as much as 95%) of the route over swamp and bog 
areas. Construction of proper roads would be prohibitive 
in cost and these areas must therefore be traversed when 
the surface materials are frozen or at locations where 
corduroy roads can be constructed. 

Rebs pheolbar Sand 
Large areas to the south of Township 109 are 


covered by acolian sand dunes, for the most part stabilized 
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with vegetation. The deposits are medium to fine grained. 
The dunes are found immediately adjacent to Location 8 
and about six miles south of Location 7. 
ar(ro Permafrost 
The Peace-Athabasca delta is located in the fringe 
area of the southern discontinuous permafrost region, ~SAt 
the time of the field work the soil was frozen within a 
few inches of the ground surface and therefore no obser- 
vation of permafrost could be made. It is likely that 
at the river channels the heat from the river will have 
dissipated permafrost for a considerable distance from the 
banks. However permafrost might be found on the sheltered 
Side of rock outcrops and under the cover of peat or other 
heavy organic material tithe 1 ood planes 
3.8 Vegetation 
There is heavy growth of trees along most of the 
levees and in some cases the trees reach a height of 100 
feet. or more = * In the fleod™ plains “bush And “swamp vegetation 
are common. At Location 7 the cost of clearing is an important 
item in-any cost! estimate, 
A, WATER CONTROL STRUCTURES 
4.1 General 
The study of the data now available leads to the 
inescapable conclusion that except where bedrock forms. both 
abutments and can at least be reasonably inferred to form 
the river bed, it “is not possible’ to plan any type of water 


control structure with a reasonable degree of certainty as to 
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adésien and feasibility .°©-The study "also leads to the con-= 
clusion thac-rockt ti setructuressare! the.only méanssof 
water control that will be practical without extremely 
high costs. Except perhaps at Location 4.2 we have 
found no adequate sources of aggregates for the production 
of concrete or for the necessary transition zones required 
for rockfil) placed -on ‘alluvium, 

At Locations 2.1 and 2.2 on Riviére des Rochers, 
3.1 on Revillon Coupé, 5.5 on the Riviére des Rochers, and 
possibly 6.1 on the outlet for Mamawi Lake, the evidence 
available suggests the strong possibility of bedrock forming 
nearly all of the river bed. Elsewhere it is almost certain 
that ail Povium forms “the "river bed and’ forthe roeckfill:or 
other “water control “structures., the) strengthof ithe alluvium 
ea rou “surefire rent =0@ ct sds a foundation maverials -7 at) beast 
for normal “construction procedures “and rate cof. progress. 
Tite te NOt=voOmsay that sulGablesstruetivcs coulm met? be 
located where there is no bedrock in the river bed but 
simply thateuntiL’the typesor structures reduived and 
together with the necessary hydrological and river regime 
data are provided, there are too many unknown factors to 
be considered before determining whether or not structurcs 
would’ per Leasipie® 

At the meeting with officials of the Peace-Athabasca 
Delta Project on 11 June 1971, it.was agreed that attention 
would be focused on the possibility of raising the water level 


in Lake Mamawi together with study of the diversion at 
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Location 7 in order to provide extra inflow into the Mamawi 
Lake drainage area. This is Alternative D outlined in the 
Préliminary?Constructionse Possibila ticspi ny Appendlx.D. 

4.2 Alternative D 

There is reasonable evidence to suggest that bed- 
rock forms at least part of the river bed at Location 6. 

Tt isi certain, that the south, abutment. s formed: of. bedrock 
and quite likely that bedrock will be found not far below 
the=surface> on the» north) abutment. a Before design,.can..be 
finalized, confirmation of these assumptions must be made 

by drilling in the field. It is likely that the rock island 
in the center of the channel should be employed as .a part 

of any rockfill used to impede flow through the channel. 

No source of gravel was found at Location 6 and 
the only available construction materials are ether quarried 
bedrock or fine sand and silt that make up the river banks 
near!) they site... <The ssuggestedsschemesis to -place a mockiisl 
dam across the channel with a diversion ditch on the north 
abutment within which there would be culverts gated on the 
west end in order to be able to permit flow coming from Lake 
Athabasca to pass into Mamawi Lake. It has been estimated 
thatithe Jdameshouldstessuffiesentlyshignetos produce. an.cxura 
three feet of water in Mamawi Lake. A fuse-plug type of 
spillway should be considered if there is a likelihood of 
overtopping the rockfill. 

Since there is normally very little flow out of 


Mamawl Lake, the dam ideally should be watertight in order 
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to maintain as high a level of water as possible. We 


judge that quarrying the bedrock could be sufficiently 
controlled that a reasonable amount of fine material is 
created but it is unlikely that the resulting roekriit 
could have a permeability less than one or perhaps 1 x LOPS 
centimeters per second (2 or 0.2 feet per minute). For 
tiie. renee en permeability and for a three foot differential 
head, the approximate amount of flow through a simple rock- 
fill dam would be between 15 and 1.5 ers... However 15, 25 not 
possible to be sure of these minimum permeabilities and 
therefore something like 150 cfs should be considered as the 
more likely seepage loss. 

To reduce seepage it would be possible £0 .CcOnsprucy 
a dam with a central clay or Silt core although construction 
of such a core in the winter time would be difriculy.- »Ouner 
possible methods of reducing seepage through the weir would 
be the use of a grouted face on the Mamawi Lake side or 
possibly by simply dumping silt material on the upstream 
face to provide a self-sealing impermeable barrier. ine 
fact that the total water head on the structure is not great 
“46 favourable to this.tyoe of desien. 

There is almost no information on the topography 
Oremeteriale at Location (, the diversion from the Embarras 
River. There is little doubt that there is a considerable 
fall in ground surface to the north from the Embarras River 
and therefore it should be a simple matter to divert flow 


from the river into the drainage area of Mamawi Creek. The 
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most Serious problem will be that of safely diverting water 
from the Embarras River without precipitating regression of 
the river to eventually cause a cut-off of the Athabasca 
River itself. The diversion ditch could be cut using a 
dragline operating on either frozen ground or swamp pads. 
We-anticipate nokaifficelty tneotee nome ne Nececsaryd1 sen 
and have shown on Drawing E2143-15 a possible take-off point 
for theudiversion 2A veryocarerul evaluacion ot = river 
behaviour would be required to establish the type of diversion 
take-off from the Embarras River in view of the very serious 
consequence of substantial changes in river regime either to 
the ‘Embarras vor. to the Athabasca River.” It -is"eimostscertain 
that any type of control structure would require a “timber or 
concrete structure founded on piles together with bank pro- 
teetion provided either by sneet "piiing, camber -crib pine 
or concrete pavement. Alternatives which might be considered 
for bank protection would be brush mats or some of the 
commercial membranes now being used for river control on 
the Mississippi and Arkansas Rivers. Once the basic scheme 
has been satisfactorily developed, it would then be necessary 
to drill test holes at locations of specific structures and 
to develop the necessary Scour resistant control features. 
ee CONCLUSION AND RECOMMENDATIONS 
Poke -AoUlinmlery. 

The study completed to date provides gencral infor- 

mation on the materials available at the specific site locations 


within the limitations provided by overall costs and flood and 
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ice conditions prevalent at the time of the field work. 


With the information now available, it will be possible 
to appraise the feasibility of specific types of water 
control structures once the eerste requirements for these 
structures are known. 

Cm OC LL 

Rockfill structures are the most obvious type 
of water control and considerable investigation has been 
made of their stability for certain assumed flow conditions. 
It became obvious that these studies could not continue 
further until more specific information was provided as 
to the crest height, river velocities, and the need for 
navigation openings. This information on fill stability 
is available in-our files and will serve as a basis for 
further Shere when required. 

Our preliminary conclusion is that rockfill weirs, 
with sufficient top width to permit dumping by trucks and 
Withesiopes abathe angle.of repose,..wWill be Satistactvory 
if the outside rock is sized to prevent erosion or ravelling 
and if steel reinforcement is used within the upper part 
of the BidlrantThisedesiga deesenot joonsider the river 
hydraulics associated with providing navigation or back- 
water effect. 

5.3 Further Wonk 

We understand that in the immediate future, in- 

VerLigavLon will be concentrated on Alternative D involving 


a dam or other structure at Location 6 and possibly diversion 
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from the Embarrass River at Location 7. We believe that 4 
dam can be placed at Location 6 but in order to prepare 
proper design details, it will be essential to determine 
the bedrock profile within the river channel and on the 
north bank. We also recommend that plans be developed for 
a test of the kindrof rockfili thatean bexprodiceds: (the 
gradation will have a strong influence on the type of 
configuration, To this end it would be desirable’ to retain 
the services ofa consultant speclalizing in blasting or 
to use the services of one of the manufacturers of explosives 
Such aS Canadian Industries Limited. 

At Location 7 it is essential to develop the topo- 
graphy and assess river behaviour before route selection can 
be made and a general plan-for diversion be established. 
Once this is done, it will then be necessary to carry out 
surficient “amount: of test HoleVdriliMne +o vereve out the 
type of materials to be encountered and in particular at 
those locations where water control structures would be 
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Respectfully submitted, 


R. M.. HARDY & ASSOCIATES. LTD. ; 


Fer: Cyiclhane 


MCH/ jl ie M. C. Harris, P.Eng., 
E-2143 Chief Engineer. 


10214 - 112 Street, 
Edmonton 12, Alberta. 
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FIELD INVESTIGATION 

The field work for this preliminary geotechnical 
report was carried out during the period 26 to 30 April 1971. 
The work was carried out in two phases. The first phase 
field party consisted of Mr. J. Card (PA DP 1S. ric. aiweria 
payrock Of the Research Council of Alberta, Mr. M. C0, 
Harrod Meroe. a cednar OL hy iM. Hardy & Associates oiely 

The first phase of field work consisted primarily 
OF Viewing, cach ote tines proposed locations from a wnelveopver 
(Bei eeOoh wes Ranger). These aerial observations were 
complemented by landings at selected points to confirm 
Observes ons mace rom the air. During this phase Mr. Card 
explained in detail his concept of how proposed structures 
mMighterunction within the given Setting at each location. 
Based on observations made concerning bedrock outcrops, 
several specific locations were selected for further exami- 
nation. A number of soil samples were obtained from levees 
and Sranular.deposits. 

The second phase of field work was conducted by 
Wi lime ge Bogie eacisted by &@ technician from R. M. Hardy & 
Associates Ltd. and a rodman, who was employed locally. Work 
done during this phase concentrated on several SpeciiTic 
locations selected during the first phase of field work. 
This work included surface profiles at proposed abutment 
locations, obtaining site photographs to accompany detailed 


notes describing conditions at each site. Additional samples 
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were taken of soil in the levees and potential granular 
deposits. | 

Data for surveyed surface profiles was obtained 
primarily by using a hand level in the immediate vicinity 
of each abutment examined. Where the distances involved 
were large, surface profiles were visually estimated, e.g. 
at the north abutment of Location 4.2. Elevations were 
referred to existing benchmarks where possible. 

Soil samples were taken only from the surface as 
the ground was generally still frozen below a few inches. 

No soundings were taken of river bottoms, as 
generally the channels were blocked with ice. Channel cross- 
sections shown on the drawings have been derived from data 
provided by Mr. Card. Apparently this data was obtained 
by the Water Resources Division, Department of Agriculture 
ODA bartay dn Ay ole Oo; 

The following table summarizes the extent of sur- 
veying carried out at each location. The letter subscript 
following the location number indicates the specific abut- 
ment, e.g. 2.1 W refers to the west abutment, Section l, 
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LABORATORY TESTING 

A limited amount of testing has been carried out 
on the surface samples obtained during the field investi- 
Ea or Samples obtained by Dr. Bayrock are presently 
BuoRved ey Une hesearch Council of yAdberta?y iThese latter 
San leo kia VemDCclleonlLy. Visual iyeclacsclLved , 

The following table summarizes the results of 
laboratory testing. The column headed "Landform" indicates 
bhe mode-+or (s0ll deposition. -6e4e. stil. The letter sub- 
SCripesroliowing the Tocabicn number 2dentitiessthe abut- 
ment, e.g. 2.1(W) refers to the west abutment of Section l 
au Locavvonye) (Grain Ssizeucurves are included as Plates 
B-1 to B-3. 

~Oll types are designated by a modified version 
Of ie-Unitteq cei Classitication systems “Explaneatilon sof 
terms and symbols used in this report are included at the 


Meareomiwhtis Appendix. 
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EXPLANATION OF TERMS AND SYMBOLS 


These pages present an explanation of the terms and symbols used on 
the log sheet entitled ‘“‘Summary of Sampling and Laboratory Tests’’. The 
materials, boundaries, and conditions have been established only at the test 
hole locations and could differ elsewhere on the site. 


WATER CONTENT AND ATTERBERG LIMITS 


The natural moisture or water content of the soil at the time of drilling 
is plotted against depth, together with the plastic and liquid limits whenever 
determined in the laboratory. All water contents are expressed in terms of per- 
centage of dry weight. The abbreviations and graphic symbols are defined as 
follows: 


O w natural moisture content 

a Wp plastic limit (ASTM, D424) 

A ws liquid limit (ASTM, D423) 
NP non plastic soil 

ae seepage 


L Mm Yer observed water level 


DEPTH 


This column refers to the depth below the surface. The corresponding 
elevations are sometimes shown with respect to the datum given. 


SOIL DESCRIPTION 


Soils of different engineering classification are commonly grouped generic- 
ally for ease of reference. Seepage and the water level are indicated beside the 
graphical representation using those symbols defined under ‘‘Water Content’’. 


SOIL PROFILE 


Soil types are designated by a modified version of the Unified Soil Classi- 
fication System (‘‘The Unified Soil Classification System’’, Technical Memor- 
andum No. 3-357, Vol. 1, 1953, the Waterways Research Station, U.S.A.). 
Page 3 of this appendix defines these terms and symbols. Letters appearing 
in parentheses denote visual identifications which have not been verified in the 
laboratory. 
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SOIL SAMPLES 


CONDITION — This column indicates the depth and the condition of each 
sample attempted. 


not recovered 
undisturbed disturbed or 


not retained 


TYPE — The type of sample is indicated in this column as follows: 


auger sample 

block sample 

rock core 

drive sample 

Pitcher tube sample 

thin walled tube sample 
wash or air return sample 
other (see text) 


Oe 0.0 ta 


PENETRATION RESISTANCE — Unless otherwise noted this column 
refers to the number of blows (N) of a 140 pound hammer dropping 30 inches 
required to drive a 2 inch O.D. open end sampler a distance of one foot from 
0.5 to 1.5 feet into the soil. This is the standard penetration test referred to 
in ASTM, D1586. 


RECOVERY -—— This column states the proportion in percent of the 
sampled length that was recovered. If nothing is shown the amount of recovery 
was not measured. 


OTHER TESTS 


In this column are tabulated results of all other laboratory tests as 
indicated by the following symbols: 


Ea Consolidation test 

Fines Fraction washing past #200 sieve 

G Specific gravity 

k Permeability coefficient 
* MA Mechanical grain size analysis 

pp Pocket penetrometer strength — tsf 
fa) Triaxial compression test 

qu Unconfined compressive strength 


=~ SE Shearbox test 
SO4 Concentration of soluble sulphates 
se Wf Swelling test 
VS Vane shear strength (undisturbed-remolded ) 
56 | Unit strain at failure 
"i Unit weight of soil (bulk density) — pcf 
Yd Unit dry weight of soil — pcf 


* These tests are usually summarized separately. 
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MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR SOILS 


LABORATORY 
ROUP | GRAPH | COLOR 
MAJOR DIVISION SYMBOL|SYMBOL| CODE TYPICAL DESCRIPTION CLASSIFICATION 
CRITERIA 
WELL GRADED GRAVELS, LITTLE OR NO 
FINES 
CLEAN GRAVELS 


(LITTLE OR NO FINES) 
POORLY GRADED GRAVELS, AND GRAVEL- NOT MEETING 


SAND MIXTURES, LITTLE OR NO FINES ABOVE REQUIREMENTS 


ATTERBERG LIMITS 
SILTY GRAVELS, GRAVEL-SAND-SILT pistes 
YELLOW MIXTURES CONTENT BELOW “A” LINE 


OF FINES P.l. LESS THAN 4 

EXCEEDS 
CLAYEY GRAVELS, GRAVEL-SAND-(SILT) 12% ATTERRERG LIMITS 
CLAY MIXTURES ABE V Ese Gtie 
P.|. MORE THAN 7 


GRAVELS 
MORE THAN HALF COARSE 
GRAINS LARGER THAN 
NO. 4 SIEVE 


DIRTY GRAVELS 
(WITH SOME FINES) 


YELLOW 


WELL GRADED SANDS, GRAVELLY SANDS, 
LITTLE OR NO FINES 


CLEAN SANDS 
(LITTLE OR NO FINES) 


COARSE-GRAINED SOILS 
(MORE THAN HALF BY WEIGHT LARGER THAN 200 SIEVE) 


POORLY GRADED SANDS, LITTLE OR NO NOT MEETING 
FINES ABOVE REQUIREMENTS 


SANDS 
MORE THAN HALF FINE 


ATTERBERG LIMITS 
YELLOW SILTY SANDS, SAND-SILT MIXTURES CONTENT BELOW “A” LINE 


OF FINES P.l. LESS THAN 4 


EXCEEDS 


CLAYEY SANDS, SAND-(SILT) CLAY 12% apc Saale 
MIXTURES ABOVE “A” LINE 


P.l. MORE THAN 7 


GRAINS SMALLER THAN 
NO. 4 SIEVE 


DIRTY SANDS 
(WITH SOME FINES) 


INORGANIC SILTS AND VERY FINE SANDS, 

REEN ROCK FLOUR, SILTY SANDS OF SLIGHT 

PLASTICITY CLASSIFICATION 
IS BASED UPON 

INORGANIC SILTS, MICACEOUS OR DIATO- PLASTICITY CHART 

MACEOUS, FINE SANDY OR SILTY SOILS (see below) 


9) 


W, <50% 


NEGLIGIBLE 
ORGANIC 
CONTENT 


W, > 50% 


BELOW ‘‘A" LINE 


INORGANIC CLAYS OF LOW PLASTICITY, 
GRAVELLY, SANDY, OR SILTY CLAYS, LEAN 
CLAYS 


W, <30% 


LINE ON 


INORGANIC CLAYS OF MEDIUM PLASTI- 


30% W, < 50% CITY, SILTY CLAYS 


CLAYS 


ABOVE ‘A’ 
PLASTICITY CHART 


NEGLIGIBLE ORGANIC 
CONTENT 


INORGANIC CLAYS OF HIGH PLASTICITY, 
FAT CLAYS 


FINE-GRAINED SOILS 
(MORE THAN HALF BY WEIGHT PASSES 200 SIEVE) 


WHENEVER THE NATURE OF THE FINE | 
CONTENT HAS NOT BEEN DETERMINED, § 
IT IS DESIGNATED BY THE LETTER “F"', E.G. | 
SF 1S A MIXTURE OF SAND WITH SILT OR § 
CLAY 


ORGANIC SILTS AND ORGANIC SILTY 
CLAYS OF LOW PLASTICITY 


=\\\\ 


ORGANIC 
SILTS & 
CLAYS 

BELOW "A" LINE 

ON CHART 


ORGANIC CLAYS OF HIGH PLASTICITY 


STRONG COLOR OR ODOR, AND OFTEN § 


HIGHLY ORGANIC SOILS FIBROUS TEXTURE 


PEAT AND OTHER HIGHLY ORGANIC SOILS 


= 
= 
rs 
r 

CH 

OL 
En 
i 


SPECIAL SYMBOLS 


PLASTICITY CHART 
/ » “4 FOR 
7 WSececeee SOILS PASSING NO. 40 SIEVE 
BEDROCK LS 252525]  OvERBURDEN 
(UNDIFFERENTIATED) RS (UNDIFFERENTIATED) 
POLLY 


SANDSTONE 


PLASTICITY INDEX (%) 


GROUPS ARE GIVEN COMBINED GROUP SYMBOLS, E.G. GW-GC IS A WELL 
GRADED GRAVEL SAND MIXTURE WITH CLAY BINDER BETWEEN 5% AND 


CONGLOMERATE 12%. 


Ra VMaAnARDY S ASSOGTATES (he 


© .OUNCS Ut Fb tn SG 


LIQUID LIMIT (%) 
LIMESTONE Be . ALL SIEVE SIZES MENTIONED ON THIS CHART ARE U.S. STANDARD, A.S.T.M. 
E.11. 
a . BOUNDARY CLASSIFICATIONS POSSESSING CHARACTERISTICS OF TWO 


FIDMONTON, CANADA 
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APPENDIX C 


Site Photographs 
haken ef to 30 -fApril 1971 
NOTE: The first two numerals in 


each photo number refer 
to the site location. 
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BROUG. ccd ok PhHotove. Lc 
ereApril 71 ST shy Weyl 
Looking SW towards East abutment 
West abutment 


Photo 2.1.3 Photo 2.1.4 
EM food 9) ai bl lewoil es CrwmpEi FL 
Looking West towards Looking NW 
West abutment East abutment 


PO UO oe 

29 April 71 

Looking SE 

Dotted line indicates 
proposed location of 
structure. 


PHOvOneso ce 

oo Area 

Looking ESE 

Note marsh in right 
foreground. 


Photome. 2 4 

29 Apr 71 

Looking East 

E. abutment in left middle 
distance, ~ 


Note marsh in left foreground 
which is behind rock outcrop 
forming west abutment. 
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PRHOCOnS 1.2 
28 Apr’ 71 
Looking NW 


PROCO SS 
PEM Ge yan fie 
East abutment 


Photo. 35 iee 

2G Apray. 

Looking SE 

West abutment in foreground 


PAOLO. 3.134 

Po vADre (1 

Looking SW across 
marsh near E. abutment 


FHOCO See vi 
2G Apriere 
East abutment 


Photoes.2.c 

eo Apr 71 

Looking Northeast 
towards East abutment 


Provo seco 5 
Ae 20 Apr 71 
Looking Northeast 


Phote 3.2.4 

P.M. 28. Apr 71 
Looking Southwest 
Note change in ice 
ef. Pnotoes a. 


Bmotoud.1.1 jelgielivjera:! ala, 
20 Apr 71 29 Apr 71 
Looking West Looking East 


Photo cles Photo.4.1.4 
29 Apr 71 egenpre yl 
West abutment East abutment 
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Photo. 4eee1 

28 Apr 71 
Looking North 
Note winter road 


Photo 4.2.3 
Pa Apr 7i 
south abutment 


Phocoss eo. 
SO PAp rey 
Looking South 
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Photo 432.8 
agrhor 71 
Looking West along North abutment 


Photas4. 2.6 

29 Apr atl 

small gravel pit 
south of Location sea 


PHotomovs.. 
POPROT mE 
Looking Southeast 


Froto> 5,152 

25hpr ae 
Looking North 
along East abutment 


PROGOr ole 3 

eos Apre( 1 

Looking North 
along West abutment 
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FHOte Sie.) 
OF LAD aT 
West abutment 


Photo 5.2.2 
29 Apr 71 
East abutment 
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Jig teloteeacne chee! 

29 Apr 71 

Looking East 

Location -5.3 in) foreground 
Note vertical rock face 

on South abutment 
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2OURDC ae: 

Looking West 

Location 5.5 in foreground 
Decatlonwmen cele ert 
middle distance 


PROtoO 5,4. 

ew Wone wah 

Looking North 

5.6 above mid-photo 


Photo, Shee 
29 Apr 71 
East abutment 


Photo 5.4.3 
SO ADI FL 
West abutment 


C-11 


PHOCO 5. Oe 
30° Apres 
North abutment 


Pnotows,. 5. ec 

20 Aprail 

Looking West 

Locations5.5 2n foreground 


Photo 5.5.3 

a0 hor 71 
Looking West 
North abutment 
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Photo 5.5.4 
PO apie 
South aputment 


FHOCOe 5. 5. > 

eo Apr 71 

Near North abutment 
This rock common to 
Kast abutment of 
Location 5.6 
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pay ly 


Photo. 5.671 

CbWADr Tt 

Lookin& South 

Location 5.6 approximately 
at centre of photo 


Provo. (rE. 

2f Apr’ 71 
Looking North 
Locaclvon.>. 70a 
foreground 


PHOCO. 5S. Tae 

af ADT ot 

Looking North along 
East abutment 


Rhocer oul! 
Aen Oe et 
Looking Southwest 


Photo: 6.1.2 
eof Apr. 
North abutment 
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PHOGO O15 See) =o 
fd Oy Veneer ene 
Panorama looking Southwest 


Photo 6.1.5 

2] Apr eyaEL 

Outcrop 300' Northwest 
or Location OL 


C-16 


PNG fans. 

aie | Wenasaeg gel 

Embarras River 
Looking WNW 
Headwaters of Mamawi 
Creek on right 


oc 


Photo 7.1.2 

elena Tek 
Athabasca River 
Looking Northwest 
at "cut-off" 

(refer photo 7.1.4) 
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Ehoto LaLa 

eo ADE Th 

Athabasca River 

Entrance to "new channel" 
Looking North 


Photo 7.1.4 

2(ehpia ds 

Looking South 

YOUt «Ot lune 

Athabasca River on left 
Embarras River on right 


Photo 8.1.1 

Cf FADO ew eL 

Looking Southwest 
Richardson Lake 
in distance 


Photo 8.1.2 

eiahpre ss 

Looking North across 
outlet channel for 
Richardson Lake 
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Photo 8.1.3 

CtmADT AT. 

Looking Northwest 
Dark pattern across 
Richardson Lake 
indicates flow fron 
Maybelle River 


Photo 8.1.4 

rage gNebas “rent 
Looking South 
West channel of 
Maybelle River 
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APPENDIX D 
preliminary Construction Possibilities 


(Prepared by Peace-Athabasca Delta Project) 


PEACE ATHABASCA DELTA PROJECT 
PRELIMINARY CONSTRUCTION POSSIBILITIES 
ALTERNATIVE ''A'! 


- a control structure on the Slave River at Location | 

- purpose of control - to increase upstream water levels in the Slave 
and Peace Rivers, an average of approximately 6 feet 

- type of construction could range from a simple rock fill weir or 
channel constriction, to a more elaborate gated concrete 
Structure. Navigation and fish passage works will be considerations 
at this location. 


ALTERNATIVE ''B!! 
- control structures on 


(a) Riviere des Rochers at location 2 
(b) Revillon Coupe at location 3 
(c) Chenal des Quatre Fourches at location 4 


-purpose of controls - to increase water levels in Lake Athabasca by 
an average of approximately 5 feet 

- controls should also permit occasional flow in a southward direction 
from the Peace River to Lake Athabasca 

- type of construction could range from simple rock fill weirs or 
channel constrictions, to more elaborate gated concrete structures. 
Navigation works will be a consideration at locations 2 and 4. 
Fish passage works will be a consideration at all three locations. 


ALTERNATIVE ''C'! 
= control structures on 


(a) Riviere des Rochers at location 5 
(b) Chenal des Quatre Fourches at location 4 


- purpose of controls - to increase water levels in Lake Athabasca by an 
average of approximately 5 feet 

- controls should also permit occasional flow in a southward direction 
from the Peace River to Lake Athabasca 

- type of construction could range from simple rock fill weirs or channel 
constrictions to more elaborate gated conrete structures. Navigation 
and fish passage works will be considerations at both sites. 


ALTERNATIVE ''D"' 


- control structure on the outlet of Mamawi Lake at location 6, and 
diversion works on the Embarras River to add water to Mamawi Creek at 


location 7 
- purpose of control - to control the amount of outflow from Mamawi Lake 
- purpose of diversion - to augment the natural inflow to Mamawi Lake 
- type of construction - lake outlet structure may be a simple fixed 


crest weir or gated structure. The diversion works will be a gated 


-2- 


structure and excavated canal. Both locations are anticipated to 
require careful consideration of soils in regard to erosion and 
channel regime. Fish passage works will be required at location 6, 
and facilities for passage of small boats will likely be desirable. 


ALTERNATIVE ''E'' 


- this is a special purpose undertaking to ensure the passage of 
fish between the Athabasca River and the Maybelle River via 
Richardson Lake at location 8. 

- nature of works are as yet undetermined but could consist of a 
lake level control structure (fixed crest weir or gated), channel 
dredging or relocation, or piling works for channel control. 
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APPENDIX E 


Drawings 
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DRAWING INDEX 


Description Drawing No, 


Site’ Plan B2143- 1 
Location 2.1 E2143- 2 
Location 2.2 E2143- 3 
Location 3.1 E2143- 4 
Location 3.2 E2143- 5 
Location 442 E2143- 6 
Location 4:2 . Eola yer 7 
Logations 51-5. 7 E2143- 8 
Location 5.1 HO143- 9 
Location. 5.2 E2143-10 
Location 5-3 | B2143-11 
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